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AMPHIBIANS  AND  REPTILES  FROM  SOUTHEASTERN 

CHINA  1 

By  J.  LiNSLEY  Gressitt 

Of  the  Lingnan  Natural  History  Survey  and  Museum^ 
Lingnan  University,  Canton,  China 

ONE  PLATE 

The  following  notes  and  descriptions  are  based  entirely  upon 
a  collection  of  amphibians  and  reptiles,  numbering  over  nine- 
hundred  specimens,  made  by  me  during  the  summer  of  1936,  in 
the  adjacent  portions  of  Kwangtung,  Kiangsi,  and  Fukien  prov- 
inces in  the  eastern  part  of  South  China.  The  collection  is  per- 
manently deposited  in  the  Museum  of  Vertebrate  Zoology  of  the 
University  of  California  in  Berkeley.  The  numbers  by  which 
the  specimens  are  listed  are  those  of  the  Museum  of  Vertebrate 
Zoology  (M.  V.  Z.).  The  collection  is  interesting  as  being  from 
a  part  of  China  that  has  been  very  little  collected  herpetologi- 
cally.  For  this  reason  a  number  of  species  can  be  added  to 
those  known  from  the  three  provinces  visited,  as  is  demon- 
strated by  the  three  lists  of  the  species  collected  in  Kiangsi, 
Kwangtung,  and  Fukien  Provinces,  respectively,  that  follow — 
the  new  provincial  records  being  asterisked.  The  list  for 
Kiangsi  Province,  where  the  largest  number  of  species  was  col- 
lected, is  particularly  striking,  in  that  nearly  one-half  of  the 
species  are  new  to  the  province.  After  the  provincial  lists,  the 
species  are  listed  according  to  the  altitudinal  ranges  in  which 
they  were  collected  to  indicate  something  of  the  life  zoning  in 
this  region.  This  list  is  followed  by  the  annotated  list  of  spe- 
cies. 

1  Contribution  from  the  Lingnan  Natural  History  Survey  and  Museum. 
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The  collection  numbers  63  species  in  all,  including  1  newt 
(salamander),  1  toad,  18  frogs,  5  burrowing  frogs,  6  lizards, 
25  snakes,  and  7  turtles.  Forty-one  species  were  collected  in 
Kiangsi  Province,  40  in  Kwangtung  Province,  and  32  in  Fukien 
Province.  Of  the  63  species,  1  has  already  been  described  as  a 
new  species :  a  snake.  Matrix  boulengeri  Gressitt,^  from  Kwang- 
tung and  Kiangsi  Provinces.  The  writer  has  also  published  a 
brief  account  of  the  trip,  together  with  a  map  and  an  annotated 
list  of  localities  at  which  specimens  were  collected.^ 

An  expression  of  appreciation  is  extended  to  the  late  Dr. 
Joseph  Grinnell,  Dr.  Jean  M.  Linsdale,  Mr.  Clifford  H.  Pope, 
and  Dr.  Alice  M.  Boring  for  their  cooperation  and  advice  in 
connection  with  this  study,  and  also  to  the  Rev.  A.  H.  Page,  the 
Misses  Louise  and  Dorothy  Campbell,  Mr.  and  Mrs.  David  M. 
Campbell,  the  Rev.  and  Mrs.  E.  S.  Burket,  the  Rev.  and  Mrs. 
Arthur  S.  Adams,  and  others  of  the  South  China  Baptist  Mis- 
sion; and  Prof,  and  Mrs.  W.  E.  Hoffmann,  Dr.  Franklin  P. 
Metcalf,  and  Dr.  and  Mrs.  F.  A.  McClure  of  Lingnan  University, 
Canton,  for  extensive  aid  and  kindness  during  the  trip. 

SPECIES  COLLECTED  IN  KIANGSI  PROVINCE 

[Sinj?Ie  asterisks  are  new  provincial  records  ;  double  asterisks  mark  new  species.] 

1.  Bufo   melanostictua.  21.  Gekko  subpalmatus. 

2.  Hyla  chinensis.  22.  Eumeces  chdnensis. 

*3.  Rana  adenopleura.  *23.  Sphenomorphus  indicus, 

4.  Rana  fukiensis,  24.  Matrix  sequifasciata. 

5.  Rana  guentheri.  **25.  Matrix   boulengeri, 

6.  Rana  japonica.  26.  Matrix  percarinata. 
*7.  Rana  kuhlii,                                          27.  Matrix  piscator. 
*8.  Rana   latoucheL                                 *28.  Matrix  sauteri, 

9.  Rana  limnocharis,  29.  Matrix  stolata, 

10.  Rana      nigromaculata      rein^  *30.  Pseudoxenodon    bambtisicola. 

hardti.  31.  Opisthotropis  latouchii. 

*11.  Rana  schmackeri.  *32.  Opisthotropis  maxwelli, 

12.  Rana  spinosa,  *33.  Zaocys  dhumnades  ynontanwB. 

*13.  Staurois  ricketti.  34.  Ptyas  korros, 

*14.  Rhacophorus    leucomystax.  35.  Eurypholus  major. 

15.  Rhacophorus   dennysi.  36.  Holarchus  formosanus. 

*16.  Microhyla   butleri.  37.  Calamaria  septentrionalis. 

*17.  Microhyla  heymonsi.  38.  Enhydris  chinensis. 

18.  Microhyla  ornata.  *39.  Enhydris  plumbea. 

*19.  Platysternon  megacephalum.  40.  Bungarus  multicinctus. 

20.  Trionyx  sinensis,  41.  Trimeresurus      mucrosquama- 

tus, 

^Proc.  BioL  Soc.  Wash.  50   (1937)   125-128. 
'Lingnan  Sci.  Journ.  16    (1937)   439-445. 
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SPECIES  COLLECTED  IN  KWANGTUNG  PROVINCE 

[Single  asterisks  are  new  provincial  records  ;  double  asterisks  mark  new  species.] 


1.  Pachytriton  brevipes.  22. 

2.  Bufo   melanostictus.  23. 

3.  Hyla  chinensis.  24. 

4.  Rana  guentheri.  25. 

5.  Rana  japonica.  **26. 

6.  Rana  Umnocharw.  27. 

7.  Rama  tigerina  rugulosa.  28. 

8.  Rana  spinosa.  29. 

9.  Rhacophorus  leucomystax.  *30. 
10.  Kaloula  pidchra.  31. 

*11.  Microhyla  heymonsi,  32. 

12.  Microhyla  ornaia.  33. 

13.  Microhyla  pulchra.  34. 

14.  Platystcrnon  megacephalum.  35. 
Cyclemys  trifasciata,  36. 
Clemmys  mutica,  37. 
Geoclemmys  reevesi.  38. 
Ocadia  sinensis,  39. 
Trionyx  sinensis. 

20.  Gekko  subpalmatus.  40. 

21.  Hemidactylus    bowringii. 


15. 

ne. 

17. 
18. 
19. 


Gonocephalus  lepidog aster, 
Ateuchosaurus  chinensis, 
Eumeces  chinensis. 
Matrix  annularis. 
Natrix  boulengeri. 
Matrix  percarinaia. 
Matrix  piscator. 
Matrix  stolata. 
Opistho tropis  vtaxwelli. 
Ptyas   korros. 
Ptyas  mucosus. 
Eurypholus  major. 
Holarchus  violaceus. 
Enhydris  chinensis. 
Boiga  multomaculata. 
Bungarus  multicinctus. 
Maja  naja  atra. 
Amblycephalus    kuangtung  en- 
sis, 
T rimer esurus    alholabris. 


SPECIES   COLLECTED   IN    FUKIEN    PROVINCE 
[Single  asterisks  are  new  provincial  records.] 


1.  Bufo  melanostictus. 

2.  Hyla  chinensis. 

3.  Rana  adenopleura, 

4.  Rana  guentheri. 

5.  Rana  japonica. 

6.  Rana  limnocharis. 
*7.  Rana  livida. 

8.  Rana  tigerina  rugulosa. 

9.  Rana  schmackeri. 

10.  Rana  spinosa. 

11.  Rana  taipehensis. 

12.  (JEidozyga  lima. 

13.  Rhacophorus  dennysi. 

14.  Rhacophorus    leucomystax. 

15.  Microhyla  pulchra. 

16.  Microhyla  ornata. 


17.  Microhyla  heymonsi. 

18.  Clemmys  bealei. 

19.  Trionyx  sinensis, 

20.  Gonocephalus   lepidogaster, 

21.  Eumeces  chinensis. 

22.  Sphenomorphus  indicus. 

23.  Matrix  percarinata. 

24.  Matrix   piscator. 

25.  Matrix  sauteri. 

26.  Matrix  stolata. 

27.  Eurypholus  major. 

28.  Opisthotropis  maxwelli. 

29.  Enhydris  chinensis. 

30.  Enhydris  plumbea. 

31.  Boiga  multomaculata. 

32.  Trimeresurus  albolabris. 


ALTITUDINAL  LISTS  OF  SPECIES 

AT  ALTITUDES  UNDER  100  METERS 

i?w/o  melanostictus.  Ocadia  sinensis. 

Rhacophorus  leucomystax.  Ateuchosaurus  chinensis. 

Kaloula  pulchra.  Ptyas  mucosus. 

Cyclemys  trifasciata.  Maja  naja  atra. 

Clemmys  mutica,  Boiga  multomaculata. 
Geoclemys  reevesi. 
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AT  ALTITUDES  FROM  175  TO  500  METERS 


Bufo  melanostictus, 
Hyla  ckinensis, 
Rana  guentheri, 
Rana   limnocharis, 
Rana  tigerina  rugulosa. 
Rana  taipehensis. 
(Eidozyga  lima, 
Rhacophorus  leucomystax. 
Microhyla  ornata. 
Microhyla  pulchra. 
Trionyx  sinensis, 
Clemmys  bealei, 
Hemidactylus  bowringii. 
Eumeces  chinensis. 


Gonocephalus  lepidogaster, 
Natrix  mquifasciata. 
Matrix  percarinata, 
Natrix  piscator, 
Natrix  sauteri, 
Calamaria  septentrionalis, 
Ptyas  korros, 
Ptyas  mucosals, 
Enhydris  chinensis. 
Enhydris  plumb ea, 
Naja  naja  atra. 
Boiga   multomaculata. 
Bungarus  multicinctus, 
Trimeresurus  albolabris. 


AT  ALTITUDES  FROM  540  TO  860  METERS 


Triturus  orientalis. 

Bufo  melanostictus. 

Hyla  chinensis. 

Rana  adenopleura. 

Rana  fukiensis, 

Rana  guentheri, 

Rana  japonica, 

Rana  kuhlii, 

Rana  latouchii, 

Rana  limnocharis, 

Rana  livida, 

Rana  nigromaculata. 

Rana  reinhardti, 

Rana  schmackeri. 

Rana  spinosa. 

Staurois  ricketti. 

Rhacophorus  dennysi, 

Rhacophorus   leucomystax, 

Microhyla   heymonsi, 

Microhyla  ornata, 

Trionyx  sinensis, 

Platysternon  megacephalum, 

Gekko  subpalmatus. 


Hemidactylus  bowringii. 
Gonocephalus  lepidogaster, 
Sphenomorphus  indicus, 
Eumeces  chinensis, 
Natrix  sequifasciata, 
Natrix  annularis, 
Natrix  boulengeri, 
Natrix  percarinata, 
Natrix  piscator, 
Natrix  stolata. 
Opisthotropis  m,axwelli, 
Opisthotropis  latouchii, 
Ptyas  korros, 
Eurypholus  major. 
Zaocys  dhumnades  montanus. 
Holarchus  formosanus, 
Holarchus  violaceus, 
Enhydris  chinensis, 
Enhydris  plumb  ea, 
Trimeresurus  albolabris, 
Trimeresurus  mucrosquamatus. 
Bungarus  multicinctus, 
Amblycephalus  kuangtungensis. 


AT  ALTITUDES  ABOVE  860  METERS 


Hyla  chinensis. 
Rana  japonica, 
Rana  latouchii, 
Rana  limnocharis, 
Rana  spinosa, 
Staurois  ricketti, 
Microhyla  butleri. 


Microhyla  heymonsi. 
Sphenomorphus  indicus, 
Pseudoxenodon  bambusicola, 
Eurypholus  major. 
Natrix  percarinata. 
Trimeresurus   mucrosquamatus. 
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AMPHIBIA 

CAUDATA 
MUTABILLIA 

SALAMANDRID^ 

1.  PACHYTRITON  BREVIPES    (Sauvagc). 

Triton  brevipes  Sauvage,  Bull.  Soc.  Philop.  Paris  (7)   1    (1877)   177. 

Ninety-four  specimens  (Nos.  22416  to  22506,  24314  to  24336, 
M.  V.  Z.)  were  taken  at  Tai-yong,  altitude  640  meters,  eastern 
Kwangtung  Province,  August  4, 1936.  The  specimens  were  pro- 
bably caught  in  pools  connected  with  a  small  stream  in  the  valley. 

Description. — Head  3.25  times  in  length  from  snout  to  vent, 
dorsoventrally  compressed,  rounded  anteriorly;  snout  subtrans- 
verse  apically,  projecting,  canthus  rostralis  fairly  prominent; 
loreal  region  strongly  oblique ;  upper  lip  with  a  flap  of  skin  ex- 
tending over  corner  of  mouth ;  eye  small,  slightly  oblique,  shorter 
than  its  distance  from  nostril,  or  distance  between  nostrils ;  paro- 
toids  poorly  developed,  terminated  posteriorly  by  a  slightly  si- 
nuous and  oblique  groove;  dorsal  surface  of  head  smooth,  flat, 
slightly  concave,  with  a  posteriorly  pointing,  slightly  raised  V 
behind  middle,  its  apex  joining  vertebral  line,  which  is  slightly 
concave,  becoming  raised  before  base  of  tail.  Vomerine  teeth 
commencing  in  a  line  with  anterior  border  of  choanae,  anteriorly 
forming  a  single,  fine  ridge,  forking  slightly  before  middle,  form- 
ing a  narrow,  inverted  Y.  Tongue  with  apical  portion  short, 
much  narrower  than  mouth  cavity.  Limbs  small,  anterior  pair 
slightly  longer  than,  and  only  half  as  thick  as,  hind  pair,  digits 
slender,  gradually  attenuated  and  acute  apically;  fingers  3 — 2 
— 4 — 1,  and  toes  3 — 4 — 2 — 1,  in  decreasing  order  of  length;  toes 
webbed  for  basal  fifth.  Tail  nearly  as  long  as  head  and  body 
length,  with  moderate  dorsal  and  ventral  fins,  margins  parallel 
basally,  narrowing  apically  to  an  acute  tip.  Cloacal  lips  thick 
and  strongly  swollen,  longer  than  depth  of  tail,  separated  poste- 
riorly, where  margins  are  finely  grooved  transversely.  Skin 
smooth,  extremely  fine  granules  or  vermiculations  dorsally, 
microporous  ventrally ;  sides  almost  without  wrinkles,  about  four- 
teen indistinct  costal  grooves  discernible  on  upper  parts;  gula 
and  throat  almost  without  longitudinal  or  transverse  grooves. 
Dark  brown  to  blackish,  with  bright  orange  below  as  follows: 
four  large  irregular  blotches  on  gula,  an  irregular,  moderately 
broad,  median  longitudinal  stripe  on  belly,  on  each  sidd  of  which 
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is  a  row  of  irregular!  blotches,  some  connected  with  the  stripe ; 
undersides  of  arms  and  legs  with  a  spot  near  base  and  another 
near  palm ;  lips  of  vent  largely  orange,  black  posteriorly.  Tail 
bright  red-orange  on  basal  three-fourths  of  ventral  fin,  entire 
apical  half  becoming  pale  orange-brown,  more  orange  on  both 
fins,  spotted  and  blotched  with  black. 

Measurements  of  25  males'  and  25  females^  in  millimeters. 


Measurement. 


Total  length 

Snout  to  anterior  end  of  vent 

Tail  (from  leg  insertion) 

Head  breadth  at  mouth  corner..  _ 
Distance  between  limbs  at  side.  _ 

Interocular  distance 

Nostril  to  eye 

Forelimb  length 

Hind  limb  length 

Tail  depth   at  base 

Length  of  cloacal  lips 


Males. 

Females. 

tnallest. 

Largest. 

Average. 

Smallest. 
81.0 

Largest. 

Average. 

71.0 

87.0 

74.30 

101.0 

84.40 

38.0 

43.0 

42.00 

43.0 

55.0 

47.80 

34.0 

45.0 

37.60 

40.0 

48.0 

46.60 

9.0 

11.0 

10.30 

10.5 

12.8 

11.40 

21.0 

26.0 

22.30 

24.0 

29.0 

26.80 

3.6 

4.0 

4.40 

4.0 

5.5 

4.48 

3.0 

3.4 

3.19 

3.0 

3.5 

3.20 

15.0 

16.0 

15.40 

15.0 

17.0 

16.20 

14.0 

15.0 

15.00 

16.0 

16.5 

15.88 

6.0 

7.0 

7.00 

6.0 

8.0 

6.80 

6.5 

7.0 

7.00 

5.0 

4.5 

5.30 

Stomach  contents. — Stomachs  of  25  specimens  contained  the 
following:  5  earthworms,  4  amphipod  crustaceans,  3  mites,  3 
lepidopterous  or  trichopterous  larvae,  4  other  insect  larvse,  2 
spiders,  2  terrestrial  and  4  aquatic  hemipterans,  1  small  water 
beetle  (Dytiscidae),  1  carrion  beetle  {Hister),  termites  (2  stom- 
achs), 1  centipede,  1  amphibian  (?)  ^gg,  1  reptile  Qgg,  1  nema- 
tode parasite,  1  snail,  2  ants,  and  some  plant  material. 

Distribution. — ^Fukien;  Kiangsi;  Kwangtung;  Hunan;  Yun- 
nan ;  Tonkin. 

SALIENTIA 

LINGUATA 

BUFONID^ 

2.  BUFO  MELANOSTICTUS  Schneider. 

Bufo  melanostictus  Schneider,  Hist.  Amphib.  1    (1799)   216,  eastern 
India. 

Thirty-one  specimens  (Nos.  22525  to  22555,  M.  V.  Z.)  were 
taken:  eastern  Kwangtung  Province,  19  from  Tsin-leong  San, 
altitude  850  meters,  June  1  to  5 ;  4  from  Mei-hsien  city,  altitude 
185  meters.  May  30  and  31,  June  8  and  9;  1  from  Kakchieh, 
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Swatow,  altitude  75  meters,  May  25 :  southeastern  Kiangsi  Prov- 
ince, 3  from  Hong  San,  altitude  600  to  800  meters,  June  22  and 
July  17 ;  1  from  Tai-au-hong,  altitude  450  meters,  July  6 ;  south- 
western Fukien  Province,  1  from  Liung^chon  San,  altitude  800 
meters,  July  25 ;  2  from  Gang-keu,  altitude  450  meters,  July  22 
to  26. 

Description, — Head  much  broader  than  long;  snout  short,  a 
vertical  ridge  in  front,  dividing  between  nostrils  and  extending 
along  canthi  rostrali  and  inner  borders  of  orbits  to  parotids, 
above  tympana;  eyes  longer  than  snout;  tympanum  vertically 
oval.  Fingers  wide,  blunt,  tuberculate;  hind  limbs  with  tibio- 
tarsal  articulations  only  reaching  axillae;  heels  not  overlapping 
when  hind  limbs  are  folded  at  right  angles  to  body,  toes  blunt, 
two-thirds  webbed.  Skin  rough  and  closely  tuberculate,  largest 
tubercles  along  either  side  of  back.  Dirty  brown  above  with 
tubercles  mainly  black ;  ventral  surface  dirty  yellow  mottled  with 
blackish ;  tips  of  toes  and  fingers  black. 

Measurements  of  selected  specimens,  in  millimAiters. 


M.  v.  Z. 

No. 

Sex. 

Total    Snout 
length,  length. 

Head 
width. 

Tym- 
panum 
height. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

31.0 

22553 

female 

86 

8.0 

34 

5.5 

50 

107 

28 

22537 

...do 

84 

6.0 

29 

5.0 

46 

96 

29 

29.0 

22545 

.-do 

82 

7.0 

30 

5.5 

41 

94 

27 

26.0 

22528 

...do 

78 

7.0 

26 

5.5 

41 

88 

25 

27.0 

22565 
22530 

71 
69 

7.0 
7.0 

28 

28 

5.0 
4.7 

41 

40 

89 
83 

26 
26 

27.0 
27.0 

male 

22529 

—do 

62 

6.8 

26 

4.2 

38 

79 

24 

25.6 

22647 

...do 

47 

6.0 

18 

3.5 

28 

55 

16 

16.0 

Locality. 


Tsin-leong. 

Mef-hsien. 

Tsin-leong. 

Hong  San. 

Swatow. 

Gang-keu. 

Liung-chon. 

Tsin-leong. 


Stonmch  contents  (contents  of  22  stomachs  are  listed  sepa- 
rately; number  in  parentheses  refers  to  number  of  individvMs 
found). — Vegetable  material,  weevils  (6),  lampyrid  larva, 
ants,  caterpillar,  Hemiptera,  miscellaneous  beetles.  Mollusc,  ant. 
Termites  (125),  tettigoniid.  Ants  (8),  myriapods  (6),  longi- 
corn  beetles  (Philus  pallescens).  Cockroaches.  Ants,  weevils, 
other  beetles.  Centipede,  tenebrionid  beetle.  Ants,  beetle,  lar- 
vse.  Ants,  scarab  beetles  (Onthophagus)  (3),  elaterid,  te- 
nebrionid. Ants,  weevil.  Ants,  scarab,  cicindelid,  mutillid, 
cercopid.  Weevils  (6),  scarab  (Anomala),  lampyrid  larva,  mis- 
cellaneous beetles,  ants,  hemipterans,  caterpillar.  Ants,  beetles, 
cockroaches,  rice  grain,  coniferous  needle.     Cricket,  cockroach. 
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vegetable  material.  Tenebrionids  (3),  grass.  Ants,  isopods 
(2),  lampyrid  larva,  telephorid  (?)  larva.  Bees  (2),  shrimps, 
isopod,  scarab,  weevil.  Ants,  myriapods,  scarab,  carabid.  My- 
riapod.  Weevil,  longicorn  and  another  beetle,  ants,  myriapod. 
Honey  bees  (2) . 

Distribution, — Chekiang ;  Fukien ;  Kiangsi ;  Kwangtung ;  Yun- 
nan; Hongkong;  Hainan  Island;  India;  Ceylon;  Peninsula  of 
southeastern  Asia;  Sunda  Islands;  Philippines. 

Local  Hakka  name. — Sham-chu-ilo) . 

English  name. — Indian  toad. 

HYLID^ 

3.  HYLA  CHINENSIS  Guenther. 

Hyla  arborea  var.  chinensis  Guenther,  Cat.  Batr.  Sal.  Brit.  Mus. 
(1858)  108,  pi.  9,  %.  C. 

Fifty-five  specimens  (Nos.  22589  to  22612,  22617  to  22647, 
M.  V.  Z.)  were  collected;  eastern  Kwangtung  Province,  9  at 
Yim-na  San,,  altitude  600  meters,  June  12  to  16 ;  2  at  Tai-yong, 
altitude  650  meters,  August  5:  southeastern  Kiangsi  Province, 
15  at  Hong  San,  altitude  650  to  1,000  meters,  June  25  to  30 ;  1  at 
Tai-au-hong,  altitude  550  meters,  July  5;  8  at  Wong-sa-shue, 
altitude  600  meters,  July  9  to  11 :  southwestern  Fukien  Province^ 
7  at  Liung-chon  San,  altitude  780  meters,  July  20 ;  13  at  Gang- 
keu,  altitude  450  to  550  meters,  July  22  to  28. 

Description. — Tongue  entire  behind,  upper  jaw  toothed.  Head 
a  little  broader  than  long;  snout  short,  subtruncate;  nostrils 
much  closer  to  tip  of  snout  than  to  eyes,  tympanum  less  than  one- 
half  as  long  as  eye,  separated  from  latter  by  a  distance  equal  to 
its  diameter.  Fingers  flattened-cylindrical,  webbed  basally,  ex- 
panded apically  into  transversely  oval  discs  fully  twice  as  wide 
as  penultimate  segments;  toes  flattened,  one-half  webbed,  their 
discs  not  quite  as  large  as  those  of  fingers.  Skin  smooth  above ; 
ventral  surface  with  coarse,  low  granules.  Bright  grass-green 
above,  white  beneath ;  front  and  sides  of  snout  and  a  black-edged 
band  on  each  side  from  eye  to  neck  brown ;  sides  of  body,  front 
edges  of  femora,  and  posterior  sides  of  femora  and  tibiae  white 
with  distinct  black  spots  or  blotches. 

Stomach  contents  (number  in  parentheses  refers  to  number  of 
stomachs  contained  in). — Ants  (25),  miscellaneous  beetles  (3), 
larvae  (4),  elaterid  beetles  (3),  carabid  beetle  (1),  cistellid  (1), 
buprestid  (1),  weevil  (1),  pentatomid  bug  (2),  culicid  (1),  and 
melyrid  (1). 
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Measurements  of  selected  specimens^  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Total 
length. 

Snout 
length. 

Head 
width. 

Tym- 
panum 
dia- 
meter. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

Locality. 

22589 

female 

40.0 

3.5 

12.0 

1.5 

19.0 

53.0 

13 

11.5 

Hong  San. 

22635 

...do 

38.0 

3.0 

13.0 

1.5 

22.0 

54.0 

17 

15.0 

Gang-keu. 

22626 

...do 

36.0 

3.0 

12.0 

1.5 

21.0 

55.0 

17 

15.0 

Do. 

22645 

—do 

35.0 

2.6 

11.0 

1.5 

19.0 

51.0 

16 

13.0 

Yim-na  San. 

22598 

...do 

34.0 

3.0 

12.0 

1.7 

20.0 

51.0 

15 

13.5 

Hong  San. 

22594 

male 

30.0 

3.0 

11.0 

1.2 

12.0 

44.0 

13 

11.5 

Do. 

22640 

...do 

28.0 

2.8 

11.0 

1.2 

17.0 

47.0 

15 

12.0 

Yim-na  San. 

22641 

...do 

22.0 

2.4 

9.5 

1.0 

16.0 

43.0 

13 

11.0 

Do. 

22609 

female 

19.5 

1.8 

7.0 

0.9 

11.0 

29.0 

9 

7.0 

Wong-sa-ahue. 

22601 

juvenile. - 

15.0 

1.6 

5.0 

5.0 

7.5 

20.5 

6 

5.0 

Hong  San. 

Distribution, — Shensi;  Kiangsu;  Chekiang;  Fukien;  Kiangsi; 
Kwangtung;  Hunan;  Yunnan;  Szechwan;  Hainan  Island;  For- 
mosa. 

Local  Hakka  name. — Yi  Kwai, 

English  Name, — Chinese  green  tree  frog. 

RANID^ 

4.  BANA  ADENOPLEURA  Bonlen^er. 

Rana  adenopleura  BouLENGER,  Ann.  Mag.  Nat.  Hist.  (8)  4  (1909)  492, 
Fuhosho,  Formosa. 

Eight  specimens  (Nos.  22662  to  22669,  M.  V,  Z.)  were  col- 
lected: 7  in  southeastern  Kiangsi  Province,  Hong  San,  altitude 
700  to  850  meters,  June  28  to  30,  July  15  to  17 :  1  in  southwestern 
Fukien  Province,  Liung-chon  San,  altitude  700  meters,  July  21, 
1936. 

New  to  Kiangsi  Province. 

Description, — Head  longer  than  broad ;  snout  broad,  obtuse  at 
tip,  projecting;  nostrils  lateral,  equidistant  from  eye  and  tip  of 
snout;  canthus  rostralis  fairly  distinct;  loreal  region  weakly  con- 
cave; eye  three-fourths  as  long  as  its  distance  from  tip  of  snout; 
tympanum  round,  its  diameter  0.75  length  of  eye.  Vomerine 
teeth  short,  suboblique,  between  internal  nares.  Forelimbs  mod- 
erately slender;  fingers  slender,  hardly  webbed,  flattened  and 
slightly  expanded  distally,  bearing  distinct  subarticular  tuber- 
cles, first  finger  barely  longer  than  second  and  shorter  than 
fourth.  Hind  limbs  moderately  slender;  tibiotarsal  articulation 
reaching,  or  nearly  reaching,  tip  of  snout;  toes  three-fourths 
webbed,  slightly  expanded  and  subacute  at  tips,  with  small,  but 
prominent  subarticular  tubercles ;  inner  metatarsal  tubercle  dis- 
tinct and  narrow,  outer  metatarsal  tubercle  feeble  and  rounded. 
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Skin  finely  tuberculate  on  dorsal  surface  of  body  and  hind  limbs, 
smooth  beneath,  wrinkled  and  irregularly  tuberculate  at  sides 
below  the  moderately  distinct  dorsolateral  folds.  Males  with  a 
large  triangular  swollen  area  on  each  side  behind  forelimb.  Dull 
brown  above,  with  a  midlongitudinal  pale  stripe  of  varying 
width;  upper  lip  white  above;  ventral  surface  white,  or  partly 
speckled  with  brown ;  chin  brownish  in  male ;  hind  limbs  banded 
with  black. 

Measurements  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Total 
length. 

Snout 
length. 

Head 
width. 

Tym- 
panum 

dia- 
meter. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

22665 

female 

50 

6.0 

16.0 

4.0 

27 

92 

27 

28.0 

22668 

male 

47 

5.5 

15.0 

4.4 

22 

72 

21 

21.5 

22667 

female 

46 

6.5 

15.0 

3.3 

23 

76 

23 

23.5 

22664 

—do 

43 

6.0  1   14.0 

3.5 

26 

80 

24 

25.0 

22666 

—do 

43 

5.2 

13.0 

3.4 

23 

74 

22 

23.0 

22662 

male 

41 

6.0 

14.5 

3.0 

22 

73 

21 

24.0 

22669 

__do 

41 

6.0 

15.0 

3.0 

25 

72 

22 

23.0 

22663 

...do 

31 

4.0 

11.0 

2.5 

17 

57 

16 

17.5 

Locality. 


Hong  San. 

Do. 

Do. 

Do. 

Do, 

Do. 
Llung-chon. 
Hong  San. 


Stomach  contents  {number  in  parentheses  refers  to  number  of 
stomachs  contained  in), — Ants  (6),  caterpillars  (2),  pentato- 
mids  (2),  other  hemipterans  (1),  gryllotalpid  (1),  elaterid  (1), 
chrysomelid  larva  (1). 

Distribution, — Fukien;  Kiangsi;  Formosa. 

5.  RANA  FUKIENSIS  Pope. 

Rana  fukiensis  POPE,  Amer.  Mus.  Novitat.  352   (1929)   4,  pi.  4,  Fut- 
sing-hsien,  Fukien. 

Five  specimens  (Nos.  22681  to  22685,  M.  V.  Z.)  were  collected 
in  southeastern  Kiangsi  Province,  Hong  San,  altitude  650  meters, 
June  22  and  23,  1936. 

New  to  Kiangsi  Province. 

Description. — Head  a  little  longer  than  broad,  snout  wide, 
bluntly  rounded  apically,  nostrils  slightly  closer  to  tip  of  snout 
than  to  eye,  canthus  rostralis  rounded,  not  very  distinct,  eye 
slightly  longer  than  its  distance  from  nostril ;  tympanum  large, 
round,  nearly  as  large  as  eye.  Forelimbs  fairly  short  and  stout ; 
fingers  feebly  swollen  at  tips,  webbed  only  at  extreme  bases, 
first  finger  longer  than  second,  subequal  to  fourth ;  subarticular 
tubercles  moderately  distinct ;  hind  limbs  large,  tibiotarsal  artic- 
ulation reaching  a  little  beyond  eye;  toes  almost  completely 
webbed,  feebly  swollen  at  tips,  subarticular  tubercles  small ;  inner 
metatarsal  tubercles  prominent,  laterally  compressed.  Skin 
fairly  smooth,  slightly  wrinkled  at  sides,  below  the  distinct  dor- 
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solateral  fold;  vent  region  weakly  tuberculate.  Putty-gray  to 
brown  above,  white  below ;  thighs  brown  above  and  behind,  spot- 
ted with  white. 

Measurements  in  rmlliTneters. 


M.  v.  Z. 

No. 

22685 

Sex. 

Total 
length. 

Snout 
length. 

Head 
width. 

Tympa- 
num 
diam- 
eter. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

female 

78 

11 

26 

6.0 

38 

123 

34 

41 

22684 

._.do 

53 

8 

19 

4.5 

23 

86 

24 

28 

22682 

male 

48 

7 

17 

3.7 

25 

78 

21 

26 

22681 

female 

45 

7 

16 

4.0 

23 

76 

20 

25 

22683 

__-do 

44 

7 

15 

3.5 

22 

_ 

70 

19 

23 

Stomach  contents. — Elaterid,  3  curculionids,  melolonthid  and 
Serica-like  beetles;  acridiid;  tettigid;  damsel  fly;  dragonfly 
nymph;  belostomatid  nymph;  myriapod;  spider. 

Ovaries. — No.  22685  contained  eggs  a  little  less  than  one  milli- 
meter in  diameter. 

Distribution. — Fukien;  Kiangsi;  Formosa. 

«.  RANA  GUENTHERI  Boalengrer. 

Rana  guentheri  BOULENGER,  Cat.  Batr.  Sal.  Brit.  Mus.   (1882)   48,  pi. 
4,  Amoy. 

Seventy-three  specimens  (Nos.  22688  to  22699,  22702,  22704 
to  22757,  22759  to  22762,  23115,  23116,  M.  V.  Z.)  were  collected: 
eastern  Kwangtung  Province,  2  at  Mei-hsien  city,  altitude  200 
meters,  May  30  and  June  18 ;  3  at  Tai-yong,  altitude  650  meters, 
August  5  and  6 :  southeastern  Kiangsi  Province,  36  at  Hong  San, 
650  to  840  meters,  June  21  to  29,  July  14  to  17 ;  3  at  Tai-an-hong, 
July  4  to  6;  1  at  Sungwu,  altitude  500  meters,  July  13;  3  at 
Wong-sa-shue,  July  9  to  11 ;  southv^estern  Fukien  Province,  24 
at  Gang-keu,  altitude  420  meters,  July  22  to  28 ;  1  at  Liungchon 
San,  altitude  780  meters,  July  22. 

Description. — Head  longer  than  broad;  snout  a  little  broader 
than  long,  rounded  apically ;  nostrils  closer  to  tip  of  snout  than 
to  eyes ;  canthus  rostralis  prominent ;  orbit  three-fourths  as  long 
as  snout ;  tympanum  three-fourths  as  long  as  eye,  finger  narrow, 
blunt  apically,  first  finger  about  as  long  as  third ;  tibiotarsal  artic- 
ulation reaching  to  between  eye  and  tip  of  snout;  toes  about 
three^fourths  webbed,  very  slightly  expanded  apically.  Skin 
smooth ;  dorsolateral  fold  distinct.  Brown  above,  blackish  brown 
at  sides;  tympana  and  sides  of  body  reddish  brown;  upper  lip 
palish,  lower  lip  spotted  with  black ;  arms  pinkish  brown,  spotted 
and  vermiculated  with  blackish  brown  on  femora,  banded  on  ti- 
bi^  and  feet. 
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M.  V.  Z. 

No. 

Sex. 

Total 
length. 

Snout 
length. 

Head 
width. 

Tym- 
panum 
diam- 
eter. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourt  h 
toe. 

Locality. 

22735 
23115 
22760 
23116 
22730 
22729 
22731 
22726 
22750 

female 

male 

female 

male 

female 

—do 

—do 

...do 

juvenile.  . 

86 
76 
71 
68 
65 
54 
41 
28 
19 

11.5 

11.0 

12.0 

11.0 

9.0 

8.0 

6.0 

4.5 

3.0 

25.0 
24.0 
22.0 
23.0 
22.0 
18.0 
13.5 
8.0 
5.5 

5.8 
6.0 
5.0 
5.0 
5.0 
4.0 
3.0 
2.0 
1.5 

46 
36 
40 
36 
38 
32 
25 
15 
9 

129 
115 
124 
110 
114 
99 
81 
43 
28 

39 
35 
37 
33 
34 
29 
25 
14 
8 

38.0 
35.0 
37.0 
33.0 
33.0 
31.0 
24.5 
13.0 
8.0 

Gang-keu. 
Hong  San. 
Tai-yong. 
Hong  San. 
Wong-sa-shue. 

Do. 
Tai-au-hong. 
Wong-sa-shue. 
Gang-keu. 

Stomach  contents  {number  in  parentheses  refers  to  number  of 
stomachs  contained  in), — Gryllids  (4);  rhaphidophorid  (1) ; 
tettigoniids  (2)  ;  acridiids  (4)  ;  tettigids  (2)  ;  gryllotalpids  (2), 
caterpillars  (4)  ;  larvse,  pupse,  and  adults  of  calliphorids  (1)  ;  ela- 
terids  (2) ;  melolonthid  (1) ;  other  searabseids  (3) ;  tenebrionid 
(1) ;  histerid  (1) ;  other  beetle  (1) ;  tipulid  (1) ;  odonatan  (1)  ; 
neuropteroid  larva  (1) ;  other  larva  (1) ;  centipede  (1). 

Distribution. — Chekiang ;  Fukien ;  Kiangsi,  Kwangtung ; 
Kwangsi;  Szechwan;  Kiangsu;  Yunnan;  Hongkong;  Hainan  Is- 
land ;  Formosa ;  Tonkin ;  Annam, 

7.  RANA  JAPONICA  (Schlegel). 

Rana   temporaria   var.    japonica    Schlegel,    Fauna    Japonica    rept. 
(1838)  109,  193,  pi.  3,  fig.  2,  Japan. 

Fourteen  specimens  (Nos.  22758,  22773  to  22785,  M.  V.  Z.) 
are  in  the  collection :  southeastern  Kiangsi  Province,  6  from  Hong 
San,  altitude  800  to  980  meters,  June  27  to  80 ;  1  from  Wong-sa- 
shue,  altitude  800  meters,  July  10:  southwestern  Fukien  Prov- 
ince, 1  from  Liung-chon  San,  altitude  800  meters,  July  22;  4 
from  Gang-keu,  altitude  850  meters,  July  23  and  24:  eastern 
Kwangtung  Province,  1  from  Tsin-leong  San,  altitude  850  meters, 
June  7,  1936. 

Description. — ^Long  and  narrow;  head  longer  than  broad; 
snout  a  little  broader  than  long,  rounded ;  nostrils  a  little  closer 
to  tip  of  snout  than  to  eyes ;  eyes  nearly  as  long  as  snout ;  tym- 
panum round,  0.6  as  long  as  eye.  Limbs  slender ;  fingers  feebly 
swollen  apically,  third  finger  much  longer  than  fourth;  toes 
slender,  about  three-fifths  webbed,  tips  barely  swollen;  subar- 
ticular  tubercles  small  but  distinct;  inner  metatarsal  tubercles 
short  and  prominent.  Skin  smooth ;  a  narrow,  but  distinct,  dor- 
solateral fold  on  body.    Grayish  to  reddish  brown,  with  irregular 
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spots  or  streaks  of  darker  on  back;  sides  of  snout  and  a  wide 
oblique  band  across  side  of  head  behind  eye  and  covering  tym- 
panum, dark  brown;  lips  and  sides  of  body  finely  spotted  or 
mottled  with  dark  brown ;  limbs  banded  with  many  brown  bands ; 
ventral  surface  pale  and  partly  speckled. 

Measurements  of  selected  specimens,  in  millimeters. 


M.  C.  Z. 
No. 

Sex. 

Total 
length. 

Snout 
Length. 

Head 
width. 

Tym- 
panum 
diam- 
eter. 

Pore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

Locality. 

22784 
22778 
22783 
22777 
22779 
22785 
22773 
22775 

female 

—do 

__.do 

_..do 

male 

_._do 

—do 

—do 

52 
50 
49 
47 
45 
39 
37 
25 

7.0 
6.0 
6.5 
7.0 
6.0 
6.0 
6.5 
3.5 

14 
14 
14 
15 
13 
12 
10 
7 

3.5 
3.0 
2.8 
3.0 
2.5 
2.5 
2.0 
1.4 

28 
28 
27 
31 
26 
23 
22 
14 

102 
101 
92 
102 
91 
81 
69 
44 

31 
31 
29 
31 
28 
24 
21 
14 

81 
SO 
28 
31 
27 
23 
21 
12 

Gang-keu. 
Hong  San. 
Gang-keu. 
Hong  San. 

Do. 
Gang-keu. 
Hong  San. 

Do. 

Stomach  contents  (number  in  parentheses  refers  to  number  of 
stomachs  contained  in) . — Gryllid ;  tettigid ;  orthopteran  nymph ; 
cicindelid;  cistellid;  elaterid;  larvae  (2)  ;  ants  (2)  ;  centipede. 

Distribution. — Japan;  Formosa;  Hupeh;  Hunan;  Anhwei; 
Kiangsu;  Kiangsi;  Fukien;  Kwangtung;  Yunnan;  Szechwan. 

Possibly  this  form  should  be  called  Rana  japonica  longicrus, 
but  the  specimens  are  very  close  to  those  from  Japan,  and  ma- 
terial from  central  China  has  been  considered  identical  with 
Japanese  material. 

t.  RANA  KUHLII  Dumeril  and  Bibron. 

Rana  kuhlii  Dumeril  and  Bibron,  Erp.  Gen.  8   (1841)   384,  Java. 

A  single  male  specimen  (No.  22786,  M.  V.  Z.)  was  taken  in 
southeastern  Kiangsi  Province,  at  Tai-au-hong,  altitude  550  me- 
ters, July  6,  1936. 

New  to  Kiangsi  Province. 

Description.— Read  fully  as  broad  as  long;  snout  broad,  bluntly 
rounded;  nostrils  equidistant  from  eyes  and  tip  of  snout;  can- 
thus  rostralis  obtuse;  eye  three-fourths  as  long  as  its  distance 
from  tip  of  snout ;  tympanum  not  distinct  externally.  Forelimbs 
short,  stout ;  first  finger  slightly  shorter  than  second,  both  much 
shorter  than  third,  subarticular  tubercles  fairly  distinct,  tips  of 
fingers  rounded ;  hind  limbs  with  tibiotarsal  articulations  reach- 
ing eye;  toes  slender,  three-fourths  webbed,  with  very  small 
discs  at  tips;  outer  metatarsal  tubercle  indistinct;  subarticular 
tubercles  small.  Skin  smooth,  a  few  wrinkles  at  sides  and  some 
insignificant    tubercles    near    vent.    Dark    putty-gray    above, 
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marked  with  brownish  black  as  follows:  four  bands  radiating 
from  eye  to  snout,  lips  and  tympanal  region,  a  broad  band  be- 
tween eyes,  some  irregular  streaks  and  spots  along  sides  and 
transverse  bands  across  limbs;  ventral  surfaces  white,  slightly 
grayish  on  throat,  lower  lips  spotted  with  blackish  brown. 

Measurements,  in  millimeters, — Snout  to  vent,  46 ;  length  of 
snout,  6 ;  width  of  head,  19 ;  forelimb,  22,5 ;  hind  limb,  65 ;  tibia, 
20 ;  fourth  toe,  22. 

Distribution, — South  China,  Fukien,  Kiangsi,  Kwangtung ; 
Hainan  Island;  Ryu-kiu  (Loochoo)  Islands;  Formosa;  Siam; 
Malay  Peninsula;  Sunda  Islands;  Celebes. 

t.  BAKA  LATOUCHII  Boulen^er. 

Rana  latauchii  Boulbnger,  Proc.  Zool.  Soc.  London   (1899)    167,  pi. 
19,  %.  1,  Kuatun,  Fukien. 

Two  specimens  (Nos.  22787  to  22788,  M.  V.  Z.)  were  collected 
in  southeastern  Kiangsi  Province,  Hong  San,  altitude  750  to 
1,000  meters,  June  30,  1936,  along  trails  in  damp  forest. 

New  to  Kiangsi  Province. 

Description. — Head  a  little  longer  than  broad;  snout  bluntly 
rounded;  nostrils  slightly  closer  to  tip  of  snout  than  to  eyes; 
canthus  rostralis  moderately  prominent;  eyes  slightly  shorter 
than  snout;  tympanum  two-thirds  as  long  as  eye.  Forelimbs 
fairly  long  and  slender ;  fingers  slender,  slightly  expanded  at  tips, 
bearing  prominent  subarticular  tubercles ;  hind  limbs  slender,  ti- 
biotarsal  articulation  reaching  tip  of  snout,  toes  slender,  two- 
thirds  webbed,  slightly  expanded  at  tips ;  subarticular  tubercles 
and  outer  metatarsal  tubercles  small  but  distinct.  Skin  densely 
granulate  above,  except  on  frontal  region,  fairly  smooth  beneath ; 
dorsolateral  fold  distinct.  Color  mottled  dark  brown  and  pale 
gray,  pinkish  along  dorsolateral  fold,  legs  banded  with  black  and 
tan ;  ventral  surface  pale,  mottled  with  dark ;  lips  white,  mottled 
with  dark  brown. 

Measurements  in  millimeters  [adult  male  and  juvenile  male 
{?),  respectively']^ — Snout  to  vent,  33,  18;  length  of  snout,  4.5, 
2.5 ;  width  of  head,  11.5,  5.5 ;  length  of  orbit,  4,  2 ;  diameter  of 
tympanum,  2.3,  1 ;  length  of  forelimb,  20.5,  8.5 ;  hind  limb,  57, 
25.5 ;  tibia,  18,  8 ;  fourth  toe,  17,  7. 

Stomach  contents, — Otyorhynchid  weevil;  proctotrypid  (?) 
wasp;  chrysomelid  beetle;  acridiid  nymph. 

Distribution, — Fukien;  Kiangsi,  Formosa. 
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If.  BAN  A  LIMNOCHAHIS  Grarenhont. 

Rana  limnocharis  GRAVENHORST,  Folic.  Mus.  Zool.  Vratislav  1  (1829) 
42. 

One  hundred  thirty-four  specimens  (Nos.  22892  to  23025, 
M.  V.  Z.)  represent  this  species:  eastern  Kwangtung  Province, 
57  from  Tsin-leong  San,  altitude  830  meters,  June  2  and  3 ;  13 
from  Yim-na  San,  altitude  550  meters,  June  11  to  16;  11  at  Mei- 
hsien  city,  altitude  180  meters,  May  30  and  31,  June  9 ;  2  at  Tai- 
yong,  altitude  650  meters,  August  3  to  5 :  southeastern  Kiangsi 
Province,  43  at  Hong  San,  altitude  650  to  900  meters,  June  21  to 
29,  July  15  and  16 ;  4  at  Tai-au-hong,  altitude  550  meters,  July 
4  to  7;  1  at  Wong-sa-shue,  altitude  540  meters,  July  9:  south- 
western Fukien  Province,  2  at  Liung-chon  San,  altitude  750  me- 
ters, July  22 ;  1  at  Gang-keu,  altitude  425  meters,  July  24,  1936. 

Description, — Body  short ;  head  nearly  as  broad  as  long ;  snout 
bluntly  rounded;  nostrils  almost  equidistant  from  eyes  and  tip 
of  snout ;  lores  oblique ;  orbits  a  little  shorter  than  snout ;  tym- 
panum one-half  as  long  as  orbit.  Limbs  short ;  fingers  tapering, 
blunt  apically;  tibiotarsal  articulations  of  hind  limbs  reaching 
tympanum  or  eye ;  toes  about  one-half  webbed,  tapering,  nearly 
pointed  apically.  Skin  smooth  beneath;  back  with  irregular 
rows  of  short,  longitudinal  ridges.  Color  variable,  generally 
gray  or  brown  above  with  irregular)  black  spots  or  bars,  and  a 
light  vertebral  line  from  tip  of  snout  to  vent ;  lips  pale,  spotted 
with  black ;  ventral  surface  white,  sides  of  throat  black  in  male. 


Measurements  of  selected  specimens  from  Tsin-leong  San,  in  millimeters. 

M.  V.  Z. 

No. 

Sex. 

Total 
length. 

Snout 
length. 

Head 
width. 

Tympa- 
num 
diam- 
eter. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

23022 
22986 
22988 
22987 
22982 

female 

...do 

_..do 

male 

--.do_ 

45 
39 
36 
33 
29 

5.0 
5.5 
5.5 
5.0 
4.5 

14 
13 
13 
11 
11 

1.5 
1.8 
1.8 

2.0 
1.5 

20 
18 
17 
18 
15 

58 
57 
56 
46 
44 

17 
16 
16 
13 
12 

18 
18 
18 
15 
14 

Stomach  contents  {number  in  parentheses  refers  to  number  of 
stomachs  contained  in), — Gryllids  (1);  caterpillars  (3);  ants 
(2)  ;  spiders  (1) ;  lepidopterous  pupa  (1)  ;  moth  (1). 

Distribution, — Shantung ;  Hupeh ;  Anhwei ;  Kiangsu ;  Kiangsi ; 
Fukien;  Kwangtung;  Kwangsi;  Hunan;  Yunnan;  Szechwan; 
Hongkong;  Hainan  Island;  Formosa;  Ryu-kyu  (Loochoo)  Is- 
lands; Peninsula  of  southeastern  Asia;  Sunda  Islands;  Philip- 
pines; India. 

Local  Hakka  name, — Si  Kivai, 

English  name, — Paddy  frog. 
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11.  BANA  LIVID  A  (BIyth). 

Polypedatea  lividriB  Blyth,  Journ.  As.  Soc.  Beng.  24  (1855)  718,  Dar- 
jeeling. 

Ten  female  specimens  (Nos.  23026  to  23035,  M.  V.  Z.)  were 
taken  in  southwestern  Fukien  Province,  Gang-keu,  south  of 
Shanghang,  altitude  600  meters,  July  24, 1936,  from  a  small  cas- 
cading stream  in  a  forested  canyon. 

New  to  Fukien  Province. 

Description. — Head  longer  than  broad ;  snout  rounded ;  nostrils 
more  widely  separated  than  orbits,  slightly  closer  to  tip  of  snout 
than  to  eyes ;  lores  concave ;  eyes  about  three-fourths  as  long  as 
snout ;  diameter  of  tympanum  barely  as  great  as  one-half  length 
of  eye.  Forelimbs  moderately  stout;  fingers  feebly  margined 
laterally,  bearing  large,  subacute,  laterally  grooved  discs  at  tips 
and  large  subarticular  tubercles  below ;  hind  limbs  with  tibiotar- 
sal  articulations  reaching  or  slightly  exceeding  tip  of  snout ;  toes 
webbed  to  discs,  the  latter  similar  to  those  of  fingers,  subarticu- 
lar tubercles  prominent ;  outer  metatarsal  tubercle  lacking.  Skin 
fairly  smooth,  slightly  wrinkled  above,  at  side,  and  on  backs  of 
thighs.  Grass-green,  with  a  few  small  brown  spots  on  back 
between  dorsolateral  folds ;  sides  and  limbs  brown,  latter  banded 
with  darker;  ventral  surface  white. 

Measurements  of  10  females,  in  millimeters. 


M.  v.  Z. 

No. 

Total 
length. 

Snout 
length. 

Head 
width. 

Tympa- 
num 
diameter. 

Forelimb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

23027 

103 

14.0 

33 

5.5 

62 

183 

61 

51 

23026 

102 

14.0 

32 

5.0 

61 

192 

62 

53 

23032 

101 

14.0 

33 

5.0 

55 

181 

62 

51 

23033 

100 

14.0 

31 

6.0 

61 

186 

62 

52 

23035 

99 

14.0 

32 

5.0 

62 

185 

60 

53 

23034 

97 

13.0 

29 

5.0 

60 

170 

55 

49 

23031 

97 

13.0 

31 

5.0 

56 

176 

57 

50 

23030 

97 

13.5 

31 

5.0 

56 

178 

58 

51 

23028 

96 

13.0 

31 

5.5 

59 

179 

59 

50 

23029 

96 

13.5 

32 

5.5 

62 

187 

6G 

53 

Stomach  contents. — Plecopteran;  pentatomid  bug;  Cicada; 
spider. 

Distribution. — Eastern  Himalayas;  Assam;  Tenasserim;  Pe- 
rak;  Hongkong;  Kwangtung;  Fukien. 

12.  BANA  NIGROMACULATA  REINHARDTII  (Peters). 

Hoplobatrachus  Reinhardtii  Peters,  Monatsber.  Kon.  Preuss,  Akad. 
Wiss.  Berlin  (1867)  711,  Malacca  or  China. 

Twenty-one  specimens  (Nos.  22687,  22700,  22701,  22703, 
23037  to  23053,  M.  V.  Z.)  were  taken  in  southeastern  Kiangsi 
Province,  Hong  San,  altitude  650  to  850  meters,  June  21  to  24, 
July  15,  1936. 
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Description, — Head  longer  than  broad;  snout  subacutely 
rounded;  nostrils  slightly  closer  to  eyes  than  to  tip  of  snout; 
canthus  rostralis  obtuse ;  interorbital  distance  less  than  distance 
between  nostrils ;  tympanum  two-thirds  as  long  as  eye.  Fingers 
attenuated  apically,  subarticular  tubercles  moderately  distinct; 
hind  limbs  with  tibiotarsal  articulations  reaching  to  nostrils; 
toes  almost  completely  webbed,  their  tips  slender  and  rounded, 
subarticular  tubercles  small  but  distinct;  inner  metatarsal  tuber- 
cle minute,  outer  metatarsal  tubercle  sharp  and  prominent.  Skin 
wrinkled  above,  smooth  below,  dorsolateral  folds  distinctly  raised. 
Males  with  external  vocal  sacs  on  sides  of  throat.  Grayish 
brown  spotted  with  black  above,  white  beneath;  hind  limbs 
banded  with  dark  brown  and  white  anteriorly  and  posteriorly. 


Measurements 

of  selected  specimens,  in  millimeters. 

M.  V.  Z. 

Body 

Snout 

Head 

Tym- 
panum 

Fore- 

Hind 

Tibia 

Fourth 

No. 

Sex, 

length. 

length. 

width. 

diam- 
eter. 

limb. 

limb. 

toe. 

23046 

female. 

81 

12 

27 

6.0 

44 

133 

40 

44 

23047 

d 

77 

11 

27 

5.5 

40 

120 

37 

41 

23044 

male ^-- 

70 

11 

27 

5.5 

33 

116 

33 

89 

23042 

—do 

59 

10 

17 

4.5 

29 

91 

27 

30 

23049 

-..do........ 

57 

9 

20 

4.0 

30 

95 

25 

81 

23037 

—do 

39 

6 

14 

3.5 

19 

57 

16 

19 

23039 

_„_do - 

S4 

5 

11 

2.2 

16 

61 

14 

16 

23038 

juvenile 

26 

4 

9 

2.0 

14 

41 

11 

14 

Stomach  contents  {number  in  parentheses  refers  to  number  of 
stomachs  contained  in).— Ants  (3) ;  spiders  (3)  ;  gryllids  (3) ; 
acridiids  (2) ;  gryllotalpids  (2) ;  cockroach  (Blatella)  (1) ;  cer- 
copid  (Cosmocarta)  (1);  vespid  (Polistes)  (1);  scarabseids; 
melolonthids  (4),  sericines  (2);  Anomala  (1);  elaterid  (1)  ; 
chrysomelid  (1)  ;  hymenopteran  (1) ;  dipteran  and  neuropteran 
larvge  (2) ;  tadpole  (?)   (1) ;  leaves  (3). 

Distribution.— C\i%]d^iig\  Kiangsu;  Anhwei;  Hunan;  Fukien; 
Kiangsi,  Kwangtung;  Szechwan. 


Saml.  Senck.  Ges.   (1892)   11, 


13.  RANA  SCHMACKERI  Boettger. 

Rana  schmackeri  BOETTGER,  Kat.  Batr. 
Ichang,  Hupeh. 

Ten  specimens  (Nos.  22671  to  22680,  M.  V.  Z.)  were  taken: 
southwestern  Fukien  Province,  7  from  Gang-keu,  altitude  600 
meters,  July  24;  southeastern  Kiangsi  Province,  3  from  Hong 
San,  altitude  700  meters,  June  24  and  July  16,  1936,  in  cascades 
of  mountain  streams. 

New  to  Kiangsi  Province. 

52987 2 
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Description. — Head  slightly  broader  than  long;  snout  broad 
and  bluntly  rounded;  nostrils  about  equidistant  from  eyes  and 
tip  of  snout ;  canthus  rostralis  short,  rounded ;  eyes  about  as  long 
as  snout;  tympanum  nearly  one-half  as  long  as  eye.  Fingers 
long,  feebly  margined  laterally,  expanded  apically  into  discs 
nearly  twice  as  broad  as  penultimate  segments ;  tibiotarsal  artic- 
ulation reaching  to  between  eyes  and  tip  of  snout,  or  beyond 
latter,  toes  almost  completely  webbed,  apical  discs  barely  larger 
than  those  of  fingers.  Skin  with  low,  coarse  granules  above, 
subtuberculate  at  sides  and  smooth  beneath.  Green  above  with 
many  brown  spots  of  varying  size;  ventral  surface  white  except 
for  four  dark  areas  on  each  side  of  lower  lip, 

MeanureTnents  of  10  females ,  in  millimeters. 


M.  v.  Z. 

No. 

Total 
length. 

Snout 
length. 

Head 

width. 

Tympa- 
num 
diameter. 

Forelimb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

22617 

92 

10.0 

29 

4.6 

47 

151 

46 

45 

22676 

87 

10.6 

29 

4.6 

52 

161 

47 

48 

22680 

85 

11.0 

81 

4.5 

50 

157 

47 

45 

22672 

85 

12.0 

31 

4.5 

49 

153 

50 

45 

22676 

88 

10.0 

27 

4.6 

48 

143 

45 

43 

22673 

82 

11.0 

31 

5.0 

46 

155 

47 

43 

22674 

81 

9.0 

29 

4.6 

49 

152 

48 

43 

22678 

81 

10.0 

28 

4.0 

50 

155 

48 

43 

22671 

79 

10.0 

28 

4.8 

50 

151 

48 

44 

22679 

69 

9.5 

25 

4.2 

39 

137 

42 

40 

Stomach  contents  {number  in  parentheses  refers  to  number  of 
^stomachs  contained  in) . — Beetles,  cerambycids  (Astathes,  Ptero- 
lophia,  Dihammus?)  (3)  ;  melolonthid;  scarabseid;  chrysomelid 
(Oides)  ;  arboreal  cicindelid;  cistellid;  beetle  larva;  Cicada;  dra- 
gonfly; dipteran;  spider;  indeterminate  arthropods. 

Distribution. — Hupeh ;  Kiangsi ;  Fukien ;  Kwangtung ;  Hainan 
Island;  Tonkin. 

14.  RANA  TIGERINA  RUGULOSA  Wieirmann. 

Rana  rugulosa  Wiegmann,  Nova  Acta  Leop.-Carol.    17    (1)    (1835) 
258,  Cape  Syngmore,  China. 

Sixteen  specimens  (Nos.  23059  to  23074,  M.  V.  Z.)  were  taken: 
eastern  Kwangtung  Province,  14  from  Tai-yong,  altitude  640 
meters,  August  3  to  5:  southwestern  Fukien  Province,  2  from 
Gang-keu,  altitude  400  meters,  July  23  to  26,  1936. 

Description. — Heavy-bodied ;  head  broad,  oblique  at  sides  and 
front;  snout  blunt;  nostrils  one-half  way  between  tip  of  snout 
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and  eyes ;  tympanum  diameter  0.75  of  orbit.  Arms  stout ;  fingers 
and  toes  tapering,  blunt,  the  latter  completely  webbed.  Skin 
with  longitudinal  ridges  of  varying  length,  and  tubercles,  on  back 
and  legs.  Dark  brown,  mottled  or  splotched  with  black;  legs 
indistinctly  banded;  throat  white  with  dark  spots. 

Measurements  of  selected  specimens,  in  millimeters. 


M.  V.  Z, 

No. 


23061 
23062 
23071 
23063 
23060 
23069 


Sex. 


Body 

Snout 

Head 

Tympa- 

Fore- 

Hind 

Tibia. 

Fourth 

length. 

length. 

width. 

diameter. 

limb. 

limb. 

toe. 

107 

16 

44 

8.0 

56 

165 

46 

52 

95 

13 

33 

6.5 

46 

135 

32 

42 

76 

10 

29 

5.5 

36 

112 

31 

35 

72 

11 

25 

4.0 

35 

97 

28 

31 

62 

10 

24 

4.5 

29 

87 

25 

28 

33 

5 

12 

2.0 

16 

43 

12 

12 

Stomach  contents  {number  in  parentheses  refers  to  number 
of  stomachs  contained  in), — 5  Rana  limnocharis  (4) ;  Microhyla 
ornata  (1) ;  weevils  (2)  ;  melolonthid  (1)  ;  Onthophagus  (1)  ; 
cicindelid  (Collyris)  (1)  ;  3  carabids  (2)  ;  elaterid  (1)  ;  gryllid 
(2) ;  tettigoniid  (1) ;  acridiid  (1)  ;  gerrid  (1) ;  Sphasroderma  (1) 
ichneumonid  (1) ;  larva  (1)  ;  spider  (1) ;  myriapod  (1)  ;  earth- 
worm (1). 

Distribution. — Anhwei ;  Kiangsu ;  Chekiang ;  Kiangsi ;  Fukien ; 
Kwangtung ;  Hunan ;  Yunnan ;  Szechwan ;  Hainan  Island ;  Hong- 
kong; Formosa;  Japan. 

15.  KANA  SPINOSA  DaTid. 

Rana  spinosa  David,  Journ.  Trois  Voy.  Chinois  2  (1875)  253,  northern 
Kiangsi. 

Sixteen  specimens  (Nos.  23075  to  23089,  25322,  M.  V.  Z.)  were 
taken :  southern  Kiangsi  Province,  8  from  Hong  San,  altitude  750 
meters,  June  21  to  23;  southwestern  Fukien  Province,  3  from 
Haba,  altitude  500  meters,  July  17;  3  from  Gang-keu,  altitude 
600  meters,  August  6,  1934. 

Description  {breeding  male), — Broad;  head  as  broad  as 
shoulders,  broader  than  long ;  snout  more  than  twice  as  broad  as 
long,  blunt;  nostrils  more  widely  separated  than  orbits,  closer 
to  latter  than  to  tip  of  snout;  eyes  nearly  as  long  as  their  dis- 
tance from  tip  of  snout ;  tympanum  indistinct ;  a  fold  from  corner 
of  eye  to  front  of  shoulder.  Forelimb  stout,  nearly  as  thick  as 
thigh;  fingers  tapering,  bluntly  rounded  apically,  first  finger 
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longer  than  second,  bent,  strongly  swollen  in  middle  and  with  a 
large  swelling  at  base,  latter  and  outer  sides  of  first  three  fingers 
armed  with  acute,  black,  spiny  tubercles.  Toes  completely  web- 
bed, apically  swollen  into  subspherical  discs,  subarticular  tuber- 
cles strongly  swollen,  inner  metatarsal  tubercle  long  and  narrow, 
prominent,  outer  metatarsal  tubercle  lacking.  Skin  thick,  wrin- 
kled and  irregularly  tuberculate  on  back,  in  part  with  short 
ridges ;  chest  with  many  large,  briefly  spined  tubercles.  Blackish 
brown  above,  yellowish  white  beneath  with  dark  mottlings  on 
lower  lip,  throat,  and  undersides  of  legs,  tubercles  on  chest  and 
fingers  black-tipped.  Female.— Fomlimhs  not  greatly  swollen; 
fingers  and  chest  nontuberculate.  No,  23080  contained  eggs  3 
to  4  millimeters  in  diameter  (June  23). 


MeaBurementB  of 

selected  specimens, 

in  millimeters. 

1  M.  V.  Z. 

Sex. 

Body 

Snout 

Head 

Fore- 

Hind 

Tibia 

Fourth 

Locality. 

j      No, 

i 

length. 

length. 

width. 
50 

limb. 

54 

limb. 

toe. 

23078 

127 

12.0 

180 

55 

53 

Hong  San. 

23085 

._do_„_ 

122 

13.0 

50 

60 

182 

55 

52 

Haba. 

23079 

._do._.- 

114 

11.5 

50 

53 

181 

54 

52 

Hong  San. 

23083 

female . 

105 

11.0 

40 

47 

147 

44 

45 

Gang-keu. 

1     23077 

inal8_.,.^- 

95 

11.0 

87 

44 

156 

45 

42 

Hong  San. 

,     23089 

„„do_„_ 

69 

8.5 

28 

31 

112 

33 

34 

Tai-yong. 

j     23088 

female,  „»» 

65 

8.0 

27 

34 

114 

32 

34 

Do. 

Stomach  contents  (number  in  parentheses  refers  to  number  of 
stomachs  contained  in).— 5  scarabseids  (3) ;  carabid  (1) ;  prio- 
nid  (1) ;  other  beetles  (2)  ;  blattid  (1) ;  tettigoniid  (1)  ;  acridiid 
(1) ;  gryllid  (1)  ;  2  rhaphidophorids  (1) ;  ants  (3) ;  myriapod 
(1) ;  pentatomid  (1)  ;  2  crabs  (1) ;  indeterminable  insects  (2)  ; 
vegetable  material  (3). 

Distribution. — Hupeh;  Chekiang;  Kiangsi;  Fukien;  Kwang- 
tung;  Hongkong;  Yunnan;  Szechwan;  Tonkin. 

Local  Hakka  name. — Shak-lun  (rock  dragon) . 

English  name. — Chinese  edible  frog. 

16.  RANA  TAIPEHENSIS  Van  Benburgh. 

Bana  taipehensis  Van  Denburgh,  Proc.  Cal.  Acad.  Sci.  (4)  3  (1909) 
56,  Taipeh,  Formosa. 

A  single  male  specimen  (No.  23103,  M.  V.  Z.)  was  taken  in 
southwestern  Fukien  Province,  Gang-keu,  altitude  420  meters, 
July  23,  1936. 

Description. — Slender;  head  one  and  one-half  as  long  as  broad ; 
snout  nearly  as  long  as  broad,  narrowly  rounded  apically,  pro- 
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jecting ;  nostrils  lateral,  closer  to  tip  of  snout  than  to  eyes ;  eyes 
two-thirds  as  long  as  snout;  tympanum  distinct  and  subtrans- 
parent,  as  long  as  eye.  Limbs  slender ;  fingers  expanded  apically 
into  discs  a  little  less  than  twice  as  wide  as  penultimate  phalan- 
ges; hind  limbs  with  tibiotarsal  articulations  reaching  to  nos- 
trils ;  toes  slightly  more  than  one-half  webbed,  expanded  apically 
into  discs  a  little  smaller  than  those  of  fingers.  Skin  fairly 
smooth.  Light  gray  on  upper  part  of  body,  more  brownish  at 
sides,  with  fine,  narrow,  longitudinal,  silvery-white  stripes,  one 
median,  one  on  each  side  along  canthus  rostralis,  upper  eyelid 
and  dorsolateral  fold,  and  another  on  each  side  along  lower  lip 
and  lower  side  of  body;  legs  tan  above,  feebly  banded;  ventral 
surfaces  white, 

Measurements.~--Snont  to  vent,  21  mm;  length  of  snout,  4; 
width  of  head,  8 ;  diameter  of  tympanum,  3 ;  length  of  arm,  14 ; 
leg,  44;  tibia,  13;  fourth  toe,  14. 

Stomach  contents.— One  spider. 

Distribution,— Foimosa;  Hongkong;  Hainan  Island;  Kwang- 
tung;  Fukien. 

17,  STAUROIS  RICKETTI  (Boulenger). 

Rana  ricketti  Boulenger,  Proc.  Zool.  Soc.  London  (1899)  168,  pL  19, 
fig.  2,  Kuatun,  Fukien. 

Fifteen  specimens  (Nos,  23117  to  23131,  M.  V.  Z.)  were  col- 
lected in  southeastern  Kiangsi  Province,  Hong  San,  altitude  800 
to  875  meters,  July  15  to  17,  1936,  among  or  on  boulders  in  a 
small  precipitous  mountain  stream. 

New  to  Kiangsi  Province, 

Description.— Yomerine  teeth  strongly  oblique,  nearly  uniting 
posteriorly.  Body  dorsoventrally  compressed ;  head  broader  than 
long;  snout  short,  broadly  rounded,  tip  projecting  beyond  upper 
lip ;  nostrils  equidistant  from  tip  of  snout  and  eyes ;  orbit  longer 
than  snout ;  tympanum  barely  one  third  diameter  of  orbit.  Fin- 
gers narrow,  apices  expanded  into  discs  nearly  three  times  as 
wide  as  penultimate  phalanges ;  hind  limbs  with  tibiotarsal  artic- 
ulations reaching  eye  or  nostril ;  toes  five-sixths  webbed ;  apical 
discs  not  quite  as  large  as  those  of  fingers.  Skin  finely  and 
sparsely  granulose  above,  smooth  beneath.  Black  or  blackish 
brown  above,  mottled  with  pale ;  ventral  surface  white,  more  or 
less  mottled  with  dark  on  throat. 
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M.  V.  Z. 

No. 

Sex. 

Body 
length. 

Snout 
length. 

Head 
width. 

Tympa- 
num 
diameter. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

23130 
23126 
23117 
23125 
23131 
23130 

female 

._.do 

.-.do 

__.do 

...do 

67 
53 
51 
48 
47 
38 

7.0 
6.0 
6.0 
4.5 
5.5 
4.5 

21 
17 
19 
18 
16 
13 

2.2 
2.0 
2.0 
1.5 
1.7 
1.0 

33 
30 
33 
28 
27 
22 

91 
85 
90 
75 
73 
65 

28 
25 
28 
23 
23 
20 

27 
25 
24 
21 
21 
18 

Stomach  contents, — 2  dascyllid  beetles;  2  centipedes;  myria- 
pods ;  weevil ;  hemipteran ;  f  orficulid ;  heteroceran ;  tipulid ;  icheu- 
monid;  larva,  spider;  Rana  limnocharis  (?). 

Distribution, — Fukien;  Kiangsi;  Kwangtung;  Tonkin. 

18.  CEIDOZYGA  LIMA  (Gravenhorst). 

Rana  lima  Gravenhorst,  Delic.  Mus.  Zool.  Vratislav  1    (1829)   41, 
Java. 

Three  specimens  (Nos.  22659  to  22661,  M.  V.  Z.)  were  collected 
in  rice  fields  in  southwestern  Fukien  Province,  at  Gang-keu, 
south  of  Shanghang,  altitude  400  meters,  July  26  to  28,  1936. 

Description, — Head  broader  than  long ;  snout  short  and  blunt ; 
nostrils  dorsal,  slightly  closer  to  eyes  than  to  tip  of  snout;  inter- 
orbital  space  very  narrow;  eyes  nearly  as  long  as  snout;  tym- 
panum hidden.  Forelimbs  short;  fingers  slender  and  pointed, 
their  subarticular  tubercles  small;  hind  limbs  large,  tibiotarsal 
articulations  reaching  eye;  toes  slender,  subacute,  completely 
webbed,  their  tubercles  on  ventral  surface  larger  and  less  acutely 
raised.  Dusky  white,  with  a  dark  streak  on  either  side  of  throat ; 
posterior  face  of  thigh  with  a  black  stripe  above  and  below  with 
white. 

Measurements  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Body 
length. 

Snout 
length. 

Head 
length. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

22660 
22661 
22659 

male                    

18.0 
17.0 
15.5 

2.0 
2.0 
1.6 

7.0 
6.5 
6.0 

9.0 
9.0 

7.5 

27 
26 
24 

7.5 
7.0 
6.0 

9.0 
9.5 
8.0 

_._do 

Stomach  contents. — One  spider;  one  coUembolan  (?). 
Distribution, — Sunda  Islands ;  peninsula  of  southeastern  Asia ; 
Hainan  Island;  Hongkong;  Fukien;  Kwangtung. 

19.  RHACOPHORUS  DENNYSI    (Blandford). 

Rhacophorus  dennysi  (Blandford),  Proc.  Zool.  Soc.  London   (1881) 
224,  pi.  21,  Singapore  specimen  brought  from  China. 
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Four  specimens  (Nos.  23134  to  23137,  M.  V.  Z.)  were  collected : 
southeastern  Kiangsi  Province,  2  at  Tai-au-hong,  south  of  Sung- 
wu,  altitude  550  meters,  July  6  and  7 ;  1  at  Hong  San,  northeast 
of  Sungwu,  altitude  840  meters,  July  15:  southwestern  Fukien 
Province,  1  at  Kwa-tze-piang,  between  Haba  and  Wuping,  alti- 
tude 560  meters,  July  18,  1936. 

Description, — Head  large,  broader  than  long ;  snout  broad,  ob- 
tusely rounded;  nostrils  a  little  closer  to  end  of  snout  than  to 
eyes;  eyes  two-thirds  as  long  as  snout;  tympanum  three-fifths 
as  long  as  eye,  f  orelimbs  large ;  fingers  broad,  one-third  to  three- 
fourths  webbed,  expanded  into  large  discs  wider  than  tympanum 
at  tips,  subarticular  tubercles  large;  toes  expanded,  completely 
webbed,  apical  discs  about  two-thirds  as  wide  as  those  of  fingers. 
Skin  smooth  or  feebly  tuberculate  above,  reticulate-granulose 
beneath.  Bright  green  above  with  a  few  asymmetrically  placed, 
rounded,  brown  splotches  of  varying  size  on  top  of  head  and  an- 
terior portion  of  back ;  sides  of  body  with  irregular  spots ;  limbs 
with  external  stripes  of  silvery  white,  distinctly  edged  with 
green,  brown,  or  black;  ventral  surfaces  whitish. 

Measurements  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Body 
length. 

Snout 
length. 

Tym- 
panum 
diam- 
eter. 

Fore- 
limb. 

Hind 
limb. 

165 

147 

125 

44 

Tibia. 

Fourth 
toe. 

Locality. 

23134 
21137 
23135 
23136 

female 

--_do 

---do 

juvenile-- 

115 
90 
80 
31 

13 

12 

9 

3 

6.0 
6.0 
5.0 
1,3 

67 
63 
51 
17 

51 
43 
40 
14 

46 
44 
35 
12 

Tai-au-hong. 
Kwa-tze-piang. 
Tai-au-hong. 
Hong  San. 

Stomach  contents  {number  iri  parentheses  refers  to  number  of 
stomachs), — Caterpillars  (2);  cicada  (Platypleura) ;  phasmid; 
weevil ;  arboreal  tenebrionid ;  isopod  ( ?)  ;  bird  feather. 

Distribution, — Fukien;  Kiangsi;  Kwangtung;  Kwangsi. 

Local  Hakka  name, — Chang  Kwai. 


20.  RHACOPHORUS   LEUCOMYSTAX    (Grayenhorst). 
Hyla   lencomystax   GRAVENHcmsT,   Delic. 
Java. 


Mus.   Vratislav    (1829)    26, 


Twenty-one  specimens  (Nos.  23148  to  23168,  M.  V.  Z.)  are  in 
the  collection:  eastern  Kwangtung  Province,  1  from  Tsin-leong 
San,  altitude  850  meters,  June  6;  3  from  Yim-na  San,  altitude 
500  meters,  June  10  to  15,  3  from  Tai-yong,  altitude  650  meters, 
August  3:  southeastern  Kiangsi  Province,  2  from  Tai-au-hong, 
altitude  550  meters,  July  4;  1  from  Wong-sa-shue,  altitude  750 
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meters,  July  11;  southeastern  Fukien  Province,  3  from  Liung- 
chon  San,  altitude  760  meters,  July  21 ;  8  from  Gang-keu,  altitude 
550  meters,  July  23  to  28,  1936. 

New  to  Kiangsi  Province. 

Description. — Head  practically  as  broad  as  long;  snout  much 
broader  than  long,  rounded  apically,  subacute  in  males ;  nostrils 
much  closer  to  tip  of  snout  than  to  eyes ;  eyes  three-fourths  as 
long  as  snout;  tympanum  five-eighths  as  long  as  eye  in  female, 
one-half  as  long  in  male.  Fingers  dorsoventrally  compressed, 
widely  expanded  into  apically  broadest  discs  at  tips ;  hind  limbs 
long,  tibiotarsal  articulation  reaching  to  between  eyes  and  snout ; 
toes  depressed,  three-fourths  webbed,  fringed  laterally  on  free 
portions  and  expanded  apically  into  discs  about  three-fourths  as 
wide  as  those  of  fingers.  Skin  largely  smooth  above,  with  broad, 
flat  granules  on  belly  and  under  surfaces  of  femora,  occasionally 
finely  granulate  on  sides  of  head.  Color  mottled,  partly  gray  to 
brown  above  with  a  figure  on  anterior  portion  of  back  somewhat 
resembling  an  hour  glass  with  arms  extended  to  upper  eyelids 
and  backwards  to  upper  part  of  sides  at  about  middle  of  body, 
and  some  bands  across  limbs,  of  grayish  or  brownish  black ;  some 
white  spots  on  back,  or  black  spots  on  white  background  on  flanks 
and  sides  of  thighs;  ventral  surfaces  dirty  white  mottled  on 
throat  with  black. 


Measurements  of  selected  specimens,  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Body 
length. 

Snout 
length. 

Head 
width. 

Tympa- 
num 
diameter. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

23153 

female 

71 

8-0 

24.5 

5.0 

40 

113.0 

35 

28 

28151 

...do 

68 

8.0 

24.0 

4.5 

41 

112.0 

34 

27 

23152 

—do 

66 

8.0 

24.0 

5.0 

38 

112.0 

35 

28 

23154 

--do 

58 

7.0 

21.5 

4.0 

33 

91.0 

24 

23 

23159 

_._do 

56 

7.0 

21.0 

4.0 

S3 

89.0 

27 

22 

23157 

male 

52 

7.5 

18.5 

3.5 

31 

83.0 

26 

22 

23165 

—do 

43 

5.0 

15.0 

8.0 

25 

69.0 

21 

16 

23156 

.-do 

41 

6.0 

15.5 

3.0 

24 

61.0 

18 

16 

23162 

juvenile 

16 

2.0 

6.0 

1.0 

8 

18.5 

6 

5 

Distribution. — Sunda  Islands ;  Philippines ;  peninsula  of  south- 
eastern Asia;  India;  Hainan  Island;  Formosa;  Hongkong; 
Kwangtung ;  Fukien ;  Kiangsi ;  Kiangsu. 

Local  Hakka  name. — P'ak-kwai;  Chuk-k'yok-k'wai. 

English  name. — ^Brown  tree  frog. 
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MICROHYLID^  (BREVICIPITID^) 

fl,  KALOULA  PULCHRA  PULCHRA  Gray. 

Kaloula  pulchra  Gray,  Zool.  Misc.  (1831)  38,  China. 

Four  specimens  were  collected  by  paths  at  night :  M.  V.  Z.  No. 
23190,  at  Lingnan  University,  Honam  Island,  Canton,  south- 
central  Kwangtung  Province,  altitude  20  meters,  May  24;  M. 
V.  Z.  Nos.  23191  to  23193  at  Kakchieh,  across  the  river  from 
Swatow,  eastern  Kwangtung  Province,  altitude  75  meters,  May 
25  and  July  31,  1936. 

The  Swatow  specimens  represent  a  new,  and  the  most  eastern, 
record  for  the  species. 

Description. — Head  very  small,  broader  than  long;  snout  short, 
rounded-truncate;  nostrils  closer  to  tip  of  snout  than  to  eyes; 
tympanum  hidden.  Fingers  moderately  slender,  with  thickened 
joints,  broad,  truncate,  apical  phalanges,  and  distinct  subar- 
ticular  tubercles;  hind  limbs  short,  tibiotarsal  articulation  not 
reaching  axilla;  both  metatarsal  tubercles  distinct,  inner  meta- 
tarsal tubercle  more  prominent;  toes  moderately  slender,  one- 
third  webbed,  barely  expanded,  rounded-truncate  apically,  with 
distinct,  rounded,  subarticular  tubercles.  Skin  moderately 
smooth;  granular  on  gular  region,  feebly  granular  on  top  of  head 
and  sides  of  body.  Purplish  brown  with  a  broad  pinkish  stripe 
along  each  side  of  back  from  eye,  and  a  transverse  stripe  across 
head  between  eyes. 


Measurements  in 

millimeters. 

M.  V.  Z. 

No. 

Sex. 

Body 
length. 

Snout 
length. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

Locality. 

23191 
23192 
23193 
23190 

male 

— do_ 

female 

.__do. 

68 
63 
58 
58 

5.0 
5.0 
4.5 
4.0 

40 
86 
37 
82 

68 
59 
62 
59 

20 
20 
17 
17 

22 
22 
21 
19 

Swatow. 

Do. 

Do. 
Canton. 

Stomach  contents. — Ants;  termites;  spiders;  larvse;  carabid 
beetle. 

Distribution. — ^Kwangtung;  Hongkong;  peninsula  of  south- 
eastern Asia ;  Sunda  Islands ;  India. 

Key  to  the  species  of  Microhyla, 
Tibia  contained  at  least  twice  in  body  length;  fourth  toe  longer  than 

tibia;  toes  webbed  only  at  extreme  bases 2. 

Tibia  contained  only  slightly  more  than  one  and  one-half  times  in  body 
length;  fourth  toe  shorter  than  tibia;  toes  webbed  for  at  least  one- 
third  their  lengths;  length  from  snout  to  vent  over  25  millimeters. 

M.  pulchra. 


1. 
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2.  Tibia  contained  about  twice  in  body  length;  hind  legs  one  and  three- 

fourths  times  as  long  as  body 3. 

Tibia  contained  more  than  twice  in  body  length;  hind  leg  one  and  one- 
half  times  as  long  as  body M,  omata, 

3.  Skin  of  back  finely  granulose;  pale  pinkish  with  sides  of  body  contrast- 

ingly dark M.  heymonsi. 

Skin  of  back  with  small,  slightly  raised  pinkish  red  spots  and  a  dark, 
lobed  pattern  along  middle;  sides  not  very  dark M.  butleri, 

22.  MICROHYLA  BUTLERI  Boulenger. 

Microhyla  butleri  Boulenger,  Ann.  &  Mag.  Nat.  Hist.   (7)   6   (1900) 
188,  Larut  Hills,  Perak. 

A  single  specimen  (No.  23194,  M.  V.  Z.)  was  taken  at  south- 
eastern Kiangsi  Province,  Hong  San,  altitude  1,050  meters,  June 
29,  1936. 

New  to  Kiangsi  Province. 

Description, — Head  not  distinct  from  neck;  snout  broader 
than  long,  rounded ;  nostrils  a  little  closer  to  tip  of  snout  than  to 
eyes,  eyes  three-fifths  as  long  as  snout.  Forelimbs  small;  fin- 
gers slender,  slightly  expanded  apically,  fourth  two-thirds  as  long 
as  third ;  hind  limbs  with  tibiotarsal  articulations  nearly  reaching 
tip  of  snout;  toes  long  and  slender,  one-fourth  to  one-third 
webbed,  barely  expanded  apically.  Skin  fairly  smooth,  with 
scattered  feeble  swellings  on  dorsal  surface.  Pale  gray,  tinged 
with  pink,  marked  above  with  a  forward-pointing  trident-shaped 
figure  extending  from  between  eyes  to  above  shoulders,  and  a 
large  X-shaped  mark  on  middle  of  back,  followed  by  an  inverted 
V,  all  blackish  gray;  dorsal  tubercles  pinkish  red;  hind  limbs 
narrowly  banded  with  dark;  throat,  chest,  flanks,  and  under- 
sides of  limbs  densely  speckled  with  dark. 

Measurements,  in  millimeters, — ^Length,  from  tip  of  snout  to 
vent,  28 ;  length  of  snout,  2.2 ;  width  of  head,  7 ;  length  of  fore- 
limb,  13;  hind  limb,  39;  tibia,  11;  fourth  toe,  12.5. 

Stomach  contents. — Small  ants. 

Distribution, — Peninsula  of  southeastern  Asia ;  Hainan ; 
Kwangtung ;  Kiangsi ;  Fukien ;  Szechwan. 

n.  MICROHYLA  HEYMONSI  Vogt. 

Microhyla  heymonsi  VoGT,  Sitzgsber.  Natur.  Fr.  Berlin   (1911)    181. 
Formosa. 

Nineteen  specimens  (Nos.  23195  to  23213,  M.  V.  Z.)  were 
taken :  eastern  Kwangtung  Province,  6  at  Tsin-leong  San,  alti- 
tude 850  meters,  June  2  to  4,  1  at  Yim-na  San,  altitude  600  me- 
ters, June  14:  southeastern  Kiangsi  Province,  2  at  Hong  San, 
altitude  950  meters,  June  28,  July  16,  5  at  Tai-au-hong,  altitude 
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540  meters,  July  3  to  6:  southwestern  Fukien  Province,  2  at 
Liung-chon  San,  altitude  800  metei*s,  July  22,  3  at  Gang-keu, 
altitude  550  meters,  July  23  to  25. 

New  to  Kwangtung  and  Kiangsi  Provinces. 

Description. — Head  small;  snout  rounded;  nostrils  halfway 
between  eyes  and  tip  of  snout ;  eyes  two-thirds  as  long  as  snout. 
Fingers  slender,  slightly  swollen  at  tips,  third  much  longer  than 
others;  toes  slender,  slightly  flattened,  webbed  only  at  extreme 
bases,  subarticular  tubercles  and  metatarsal  tubercles  small. 
Skin  smooth,  or  with  some  scattered,  minute  granules  above. 
Pink  or  pinkish  gray  with  sides  of  body  black  or  dark  brown  and 
dorsal  surface  with  a  faint  pattern  of  irregular  longitudinal 
stripes,  a  V-shaped  mark  between  eyes,  and  a  black  spot  near 
middle  of  back  divided  by  a  pale,  slender,  vertebral  line ;  throat 
dusky;  abdomen  dirty  white;  legs  distantly  banded. 

Measurements  of  selected  specimens,  in  millimeters. 


M.  v.  Z. 
No. 

Sex. 

Body 
length. 

Snout 
length. 

Head 
width. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

Locality. 

23211 
23208 
23203 
23206 
23196 
23213 
23201 

female 

-_do 

male 

___do 

--.do 

23.5 
23.0 
21.0 
19.0 
17.7 
15.0 
8.0 

2.0 
2.4 
2.2 
1.6 
1.7 
1.7 
1.0 

6.0 
6.5 
7.0 
6.5 
5.5 
4.5 
3.0 

12.0 

11.0 

11.0 

10.0 

8.5 

6.3 

4.5 

40.0 
37.0 
37.0 
33.0 
29.0 
22.0 
12.5 

12.0 
11.0 
11.0 
10.0 
9.0 
6.5 
3.7 

12.0 
12.0 
11.5 
11.0 
10.0 
7.0 
4.0 

Gang-keu. 
Hong  San. 
Tai-au-hong. 

Do. 
Tsin-leong  San. 
Gang-keu. 
Yim-na  San. 

Stomach  contents. — Ants ;  termites ;  elaterid ;  coccinellid. 

Distribution.— Fiikien;  Kiangsi;  Kwangtung;  Formosa. 

This  species  was  collected  at  night  in  short  grass  on  the  dykes 
at  edges  of  paddy  fields,  where  the  sharp,  frequently  repeated 
chirplike  call  was  very  audible. 

24.  MICROHYLA  ORNATA   (Dumcril  and  Bibron). 

Engy stoma  ornatum  Dumeril  and  Bibron,  Erpet.  Gen,  8  (1841)  745, 
Malabar  coast. 

Thirty-two  specimens  (Nos.  23224  to  23255,  M.  V.  Z.)  repre- 
sent this  species;  eastern  Kwangtung  Province,  13  from  Tsin- 
leong  San,  altitude  550  meters,  June  2  to  6;  3  from  Mei-hsien 
city,  altitude  185  meters,  June  8  and  9;  3  at  Tai-yong,  altitude 
650  meters,  August  5  and  6;  southeastern  Kiangsi  Province,  2 
at  Tai-au-hong,  altitude  550  meters,  July  4  to  7 ;  1  at  Wong-sa- 
shue,  altitude  575  meters,  July  9;  1  at  Hong  San,  altitude  650 
meters,  June  21 :  southwestern  Fukien  Province,  9  at  Gang-keu, 
altitude  420  meters,  July  25  and  26. 
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Description. — Nostrils  separated  by  a  distance  slightly  less 
than  interorbital  distance;  eyes  two-thirds  as  long  as  snout. 
Fingers  blunt  at  tips,  fourth  finger  two-thirds  as  long  as  third ; 
hind  limbs  with  tibiotarsal  articulations  not  reaching  eyes ;  toes 
blunt  at  tips,  scarcely  webbed.  Skin  smooth.  Gray;  sides  gray- 
ish black,  distinctly  margined  above,  back  with  a  pair  of  sin- 
uous black  stripes,  starting  together  as  a  triangle  on  occiput, 
diverging  posteriorly  and  continuing  to  groins,  another  pair 
forming  a  broad  inverted  V  on  posterior  part  of  back  indistinctly 
striped  with  gray;  a  faint  middorsal  pale  line;  throat  black  in 
male. 

Mcdsurements  of  selected  specimens^  in  millimeters. 


M.  v.  Z. 
No. 

Sex. 

Body 
length. 

Snout 
length. 

Head 
width. 

Fore- 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

Locality. 

23226 
23246 
23225 
2B224: 
23251 

female 

___do 

male 

__.do 

juvenile. - 

23.5 
22.5 
21.0 
21.0 
9.0 

2.2 
2.0 
2.0 
2.0 
1.0 

6.0 
6.5 
6.0 
5.5 
3.0 

11 

10 

10 

9 

6 

34 
34 
33 
31 
10 

10.0 

01.0 

10.0 

9.0 

3.3 

11.5 
11.0 
11.0 
10.0 
4.0 

Tai-au-hong. 
Tsin-leong  San, 
Wong-sa-shue. 
Hong  San. 
Tsin-leong  San. 

Stomach  contents  (number  in  parentheses  refers  to  number  of 
stomachs  contained  in). — Ants  in  every  stomach,  small  beetles 
(2) ;  termites  (2). 

Distribution. — India ;  Ceylon ;  peninsula  of  southeastern  Asia ; 
Hainan;  Formosa;  Hongkong;  Kwangtung;  Fukien;  Kiangsi; 
Chekiang ;  Kiangsu ;  Anhwei ;  Szechwan ;  Hunan. 

25.  MICROHTLA  PULCHRA  (Hallowell). 

Engy  stoma  pulchrum  HALLO  WELL,  Proc.  Acad.  Nat.  Sci.  Philad.  (1860) 
506,  between  Hongkong  and  Whampoa. 

Nineteen  specimens  (Nos.  23270  to  23288,  M.  V.  Z.)  were 
collected:  southwestern  Fukien  Province,  16  at  Gang-keu,  alti- 
tude 400  meters,  July  24  to  26 ;  eastern  Kwangtung  Province,  2 
at  Tsin-leong  San,  altitude  850  meters,  June  2  to  4 ;  1  at  Yim-na 
San,  altitude  550  meters,  June  14. 

Description, — Snout  rounded ;  nostrils  separated  by  a  distance 
greater  than  interorbital  space ;  eyes  four-fifths  as  long  as  snout. 
Fingers  tapering,  free  part  of  third  finger  twice  as  long  as  that 
of  fourth;  hind  limbs  with  tibiotarsal  articulations  extending 
well  beyond  tip  of  snout;  toes  one-third  to  one-half  webbed, 
tapering,  subarticular  tubercles  distinct.  Skin  smooth  above 
and  beneath.    Pale  whitish  gray  with  a  transverse  bar  across 
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top  of  head,  an  interrupted  lateral  stripe  and  a  large  inverted 
V  on  back,  followed  by  isolated  subovate  spots  on  back  and  legs, 
of  black,  mostly  edged  with  pale ;  anterior  portion  of  back  with 
faint  grayish  stripes  parallel  to  borders  of  large  V;  throat  and 
chest  mottled^ 

Mensurements  of  selected  specimens,  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Body 
length. 

Snout 
length. 

Head 
width. 

Pore 
limb. 

Hind 
limb. 

Tibia. 

Fourth 
toe. 

Locality. 

2S278 
23288 
23271 
28270 
23279 
23286 


female 

male 

-_do 

—do 

juvenile  __ 

-_.do 

83.0 
30.0 
28.5 
27.0 
17.0 
12.0 

4.0 
3.5 
3.2 
3.0 
1.7 
1.5 

10.0 
9.5 
9.0 
8.5 
6.0 
3.8 

15.0 
14.0 
14.0 
14.0 
8.5 
5.0 

57 
56 
52 
53 
32 
19 

19.0 
18.0 
18.0 
17.0 
11.0 
6.5 

17.0 
17.5 
16.0 
16.0 
9.5 
6.0 

Gang-keu. 
Tain-leong  San. 

Do. 

Do. 

Do. 
Yim-na  San. 

Stomach  contents  {number  in  parentheses  refers  to  number  of 
stomachs  contained  in) . — ^Ants  (most  stomachs) ;  termites ; 
weevil  (1) ;  beetle  (1). 

Distribution. — Kwangtung;  Fukien;  Hupeh;  Hongkong;  Hai- 
nan Island;  Tonkin;  Cochin-China ;  Siam. 

REPTILIA 

SQUAMATA 

SAURIA 

GEKKONID^ 

26.  GEKKO  SUBPALMATUS  Gnenther. 

Gekko  subpalmatus  Guenther,  Rept.  Brit.  India  (1864)  104,  pi.  12, 
Chekiang. 

Two  specimens  (Nos.  23343  and  23344,  M.  V.  Z.)  were  col- 
lected: eastern  Kwangtung  Province,  1  at  Tsin-leong  San,  alti- 
tude 850  meters,  June  5:  southeastern  Kiangsi  Province,  1  at 
Hong  San,  altitude  900  meters,  on  outside  of  house  at  night, 
June  25,  1936. 

New  to  Kiangsi  Province. 

Description  (23S4S  and  2S34i,  respectively) . — Rostral  nearly 
twice  as  broad  as  deep,  bordering  nostrils;  three,  and  four  in- 
ternasals,  respectively,  bordering  rostral  between  nostrils;  eye 
nearly  two-thirds  as  long  as  snout;  ear  opening  with  diameter 
of  that  of  eye.  Supralabials  11;  infralabials  9,  10;  8,  9;  throat 
covered  with  minute,  even  granules;  ventral  surface  of  body 
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covered  with  minute  granules,  tubercles  lacking;  tail  covered 
with  transverse  rows  of  granular  scales  above  and  at  sides,  and 
with  larger,  flatter  scales  beneath.  Humeri  and  femora  with 
granules  larger  than  those  on  dorsal  surface  of  body ;  inf radigi- 
tal  lamellae  9,  9,  10,  12,  and  9  on  first  to  fifth  fingers,  respec- 
tively; lamellae  on  undersides  of  toes  10,  12,  13,  15,  and  13  on 
first  to  fifth  toes,  respectively.  Nine  and  12  femoral  pores  on 
each  side,  respectively;  a  single  large  tubercular  scale  on  each 
side  of  swollen  vent  region  at  base  of  tail.  Grayish  black  and 
pale  gray  above,  dark,  and  light  grayish  white  beneath,  respec- 
tively; infralabials  speckled  in  No.  28343;  no  banding  distin- 
guishable. 

Measurements  in  millimeters, — Total  lengths,  82  and  74,  re- 
spectively; snout  to  vent,  43,  41;  snout  to  ear  opening,  10; 
width  of  head,  7,  7.5;  axilla  to  groin,  21,  20;  forelimbs,  10;  hind 
limbs,  15,  14. 

Distribution, — Szechwan;  Kiangsi;  Chekiang;  Fukien;  Kuang- 
tung. 

27.  HEMIDACTYLUS  BOWRINGII  (Gray). 

Doryura  Bowringii  Gray,  Cat.  Liz.  Brit.  Mus.    (1845)   156,  probably 
Hongkong. 

Two  specimens  (Nos.  23296  and  23297,  M.  V.  Z.)  female  and 
male,  respectively,  were  collected  in  eastern  Kwangtung  Prov- 
ince, at  Mei-hsien  (Kaying,  Moejen),  altitude  200  meters,  June 
8,  1936,  on  the  outside  of  houses  at  night. 

Description, — Snout  nearly  twice  as  long  as  eye.  Rostral 
strongly  indented  above;  supralabials  11;  infralabials  8;  mental 
large,  acute  behind;  two  pairs  of  enlarged  chin  shields,  those 
of  second  pair  distant.  Dorsal  surface  of  head  and  body  covered 
with  small  granular  scales  of  only  slightly  varying  size,  those 
on  tail  arranged  in  irregularly  transverse  rows.  Lamellae  on 
undersides  of  fingers  and  toes  divided;  infradigitals  3,  7,  8,  9, 
and  6  on  first  to  fifth  fingers,  respectively;  toe  lamellae  5,  8,  11, 
11,  and  7,  respectively.  Male  with  13  femoral  pores  on  each  side. 
Pale  grayish  white  mottled  with  irregular  faint  dark  markings 
above;  white  beneath. 

Measurements,  in  millimeters  (Nos,  23296  and  23297,  respec- 
tively) . — Total  length,  94,  93 ;  snout  to  vent,  44,  45 ;  snout  to  ear 
opening,  13.5,  12;  axilla  to  groin,  22,  21;  forelimbs,  14;  hind 
limbs,  17. 

Distribution, — Fukien ;  Kwangtung ;  Hongkong ;  Yunnan ; 
Burma;  India;  Formosa;  Ryu-kyu  (Loochoo)   Islands. 
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AGAMID^ 

18.  GONOCEPHALUS  LEPIDOGASTER  (Covier). 

Calotes  lepidogaster  CUVIER,  Eg.  Anim.  ed.  2  2    (1829)    39,  Cochin- 
China. 

Fourteen  specimens  (Nos.  23419  to  23432,  M.  V.  Z.)  repre- 
sent this  species:  No.  23432  was  taken  in  eastern  Kwangtung 
Province,  at  Yim-na  San,  altitude  650  meters,  June  14;  all  the 
others  were  taken  in  southwestern  Fukien  Province,  at  Gang- 
keu,  altitude  575  to  650  meters,  July  23  to  26,  on  shrubbery  in  the 
jungles. 

Description. — Head  triangular  in  front,  rectangular  behind, 
concave  between  and  before  eyes  and  on  loreal  region ;  canthus 
rostralis  and  supraoculars  prominent;  snout  rounded  apically, 
nearly  one  and  one-half  times  as  long  as  eye  cavity.  Scales  on 
top  of  head  small,  irregular,  about  17  in  a  row  between  supra- 
oculars, supraoculars  6  on  either  side;  nostril  five-eighths  dis- 
tance from  end  of  snout  to  eye;  supra-  and  infralabials  9  to  11, 
similar  in  size  and  shape;  mental  narrow,  acute  behind;  chin 
shields  very  small,  those  of  first  pair  meeting  or  separated ;  throat 
scales  small,  carinate,  subacuminate.  Tympanum  visible,  one- 
fourth  diameter  of  eye.  A  strong  emargination  behind  last 
supraocular,  followed  by  a  curved  spine  2  or  3  millimeters  long ; 
two  strong  spines  and  some  lesser  spines  at  each  side  of  occiput ; 
nuchal  crest  composed  of  6  or  7  strong,  laterally  compressed 
spines,  6  millimeters  long  in  No.  23432  (male) ;  dorsal  crest  of 
strongly  carinate  or  compressed  spinous  scales;  dorsal  surface 
of  body  covered  with  small,  irregular,  smooth  scales,  large,  acu- 
minate scales  at  intervals;  ventral  scales  and  all  tail  scales 
strongly  carinate.  Male  (No.  23432)  black  on  upper  portion  of 
head  and  neck ;  lower  parts  bluish  white ;  sides  of  body  and  legs 
blue-green;  banded  along  back,  and  spotted  on  sides  and  legs 
with  black;  tail  blackish  brown,  banded  with  blue;  some  males 
less  distinctly  colored ;  females  dirty  brown  with  traces  of  male 
pattern,  lower  eyelid  vertically  banded. 

All  the  females  contained  eggs  without  evident  embryos,  gene- 
rally 9  to  13  in  number  and  measuring  4  to  9  millimeters  in 
diameter,  fairly  round. 

Stomach  contents  (number  in  parentheses  refers  to  number 
of  stomachs  contained  in). — Indeterminable  insects  (8)  ;  adult 
beetles  (3)  ;  crickets  (2)  ;  snail  (2)  ;  centipede  (1)  ;  hymenopte- 
ran  wasp  (?)  ;  and  a  scarabseid  beetle  larva  (?). 
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No. 

Sex. 

Total 
length. 

Snout 
to  vent. 

Snout  to 
tympa- 
num.» 

Head 
width. 

Arm 
length,  b 

Leg 
length. 

Fourth 
toe.  • 

23432 
23431 
23419 
23428 
23429 
23424 
23425 
23421 

male_. 

227 
211 
202 
186 
217 
218 
188 
95 

80 
88 
83 
76 
77 
76 
65 
38 

25.0 
22.0 
22.0 
21.5 
22.0 
21.0 
18.0 
11.0 

18.5 
15.5 
14.0 
13.5 
14.5 
14.5 
13.0 
8.0 

46 
47 
43 
43 
51 
48 
42 
24 

70 
73 
63 
62 
72 
70 
61 
34 

25 
25 
23 
22 
26 
24 
22 
12 

femiale --  ..-.- 

do- 

do 

male 

-.-.do 

.—do 

—  .do 

•This  measurement  includes  tip  of  snout  to  posterior  edge  of  tympanum. 
*>  Width  across  head  at  supraoculars. 
«  Measured  on  outer  side  of  fourth  toe. 

Distribution. — Fukien;  Kwangtung;  Kwangsi;  Hainan  Island; 
Indo-China;  Siam;  Burma. 

Local  Hakka  name. — San-kyu-tai. 

scmcmm 

39.  8PEN0M0RPHUS  INDICUS   (Gray). 

Hinulia  indica  Gray,  Ann.  &  Mag.  Nat.  Hist.    (2)    12   (1853)   388, 
Sikkim. 

Ten  specimens  (Nos.  23528  to  23537,  M.  V.  Z.)  represent  this 
epecies :  southern  Kiangsi,  7  adults  from  Hong  San,  altitude  750 
to  900  meters,  June  29  and  July  16 ;  southwestern  Fukien  Prov- 
ince, 1  adult  and  2  juveniles  from  Gang-keu,  altitude  600  meters, 
July  23  and  24,  1936. 

New  to  Kiangsi  Province. 

Description. — Nasal  obliquely  oval,  frontonasal  broader  than 
long,  broadly  in  contact  with  rostal,  nasals,  and  prefrontals, 
narrowly  bordering  frontal  and  anterior  loreals ;  frontal  twice  as 
broad  as  long,  strongly  narrowed  and  nearly  acute  posteriorly; 
frontoparietals  two-thirds  as  long  as  frontal,  larger  than  inter- 
parietal and  smaller  than  parietals;  parietals  obliquely  trans- 
verse ;  supraoculars  5 ;  snout  a  little  longer  than  eye ;  supralabials 
7,  sometimes  8;  first  chin  shield  entire,  those  of  second  pair 
touching,  third  pair  separated.  Body  encircled  at  middle  with 
36  to  38  longitudinal  rows  of  scales.  No.  23531  with  about  87 
scales  in  a  row  along  midventral  line  from  chin  to  vent,  its 
longest  toe  with  about  20  scales  along  underside.  Brown 
speckled  with  black  and  tan  above,  white  with  greenish  irides- 
cence below,  and  dark  brown  speckled  with  pale  blue  on  upper 
parts  of  sides,  changing  to  pale  blue  speckled  with  dark  brown 
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on  lower  parts  of  sides;  a  fine  dark  line  along  upper  part  of 
sides  of  unregenerated  tail. 


Measurements 

of  selected  specimens,  in  millimeters. 

M.  V.  Z. 
No. 

Sex. 

Total 
length. 

Snout  to 
vent. 

Snout  to 
ear. 

Head 
width. 

Axilla  to 
groin. 

Arm 
length. 

len^. 

23530 
23531 
23532 
23537 

female 

249 
205 
195 
204 
164 
(57) 

97 
96 
87 
77 
60 
27 

18 
19 
19 
16 
14 
7 

13.0 
13.0 
12.0 
11.0 
9.0 
5.5 

49 
50 
44 
37 
SI 
12 

22 
25 
24 
23 
16 
9 

86 

39 

39     1 

36 

27 

14 

do_ 

male-- 

female—  _ 

j          23533 
23536 

..--do - 

juvenile - 

No.  23529  contained  twelve  eggs  with  embryos  just  beginning 
to  be  pigmented,  36  to  44  millimeters  long. 

Stomach  contents  {number  in  parentheses  refers  to  num- 
ber of  stomachs  contained  in). — Caterpillars  (3),  beetles  (2), 
crickets  (6),  earwig  (1),  termites  (1),  earthworm  (1),  snail  (1). 

Distribution. — Southern,  central,  and  western  China  and 
Shensi ;  Himalaya  and  Annam  to  Malay  Peninsula. 

so.  ATEUCHOSAURUS  CHINENSIS  Gray. 

Ateuchosaurus  chinensis  Gray,  Cat.  Liz.  Brit,  Mus.  (1845)  107,  China. 

A  single  imperfect  specimen  (No.  23541,  M.  V.  Z.)  was  found 
dead  on  a  porch  in  Swatow,  eastern  Kwangtung  Province,  al- 
titude 40  meters,  August  26,  1936, 

Description. — Head  not  distinct  from  neck,  narrowed  ante- 
riorly ;  enlarged  plates  few ;  frontal  more  than  twice  as  long  as 
broad,  extending  nearly  to  posterior  border  of  eyes,  constricted 
in  middle ;  frontoparietals  very  small ;  interparietals  subequal  in 
size  to  each  frontoparietal ;  parietals  hardly  longer  than  fronto- 
parietals, transverse,  supraoculars  4  or  5;  scales  on  posterior 
portion  of  head  similar  to  those  on  neck,  body  and  tail,  broadly 
hexagonal,  smooth ;  ten  rows  of  scales  across  occiput  between  ear 
openings ;  scales  in  about  30  rows  around  middle  of  body ;  about 
36  scales  in  a  row  from  axilla  to  base  of  hind  limb. 

Measurements,  in  millimeters. — Length,  from  snout  to  vent, 
64 ;  breadth  of  head,  9 ;  axilla  to  groin,  36. 

Distribution. — Fukien;  Kwangtung;  Hainan  Island;  Hong- 
kong; Tonkin. 

n.  EUMECES  CHINENSIS  CHINENSIS  (Gr&j), 

Tiliqua  chinensis  GRAY,  Ann.  Nat.  Hist.  2  (1838)  289,  China. 

Fifty-five  specimens  (Nos.  23542  to  23596,  M.  V.  Z.)  were 
collected:  southwestern  Fukien  Province,  14  adults  and  13  ju- 
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veniles,  from  Gang-keu,  altitude  450  to  550  meters,  July  23  to  27 ; 
1  juvenile  from  east  of  Haba,  altitude  500  meters,  July  18, 1936; 
southeastern. Kiangsi  Province,  7  adults  from  Hong  San,  alti- 
tude 600  to  700  meters,  June  23  to  26 ;  1  adult  from  Kit-tan,  alti- 
tude  500  meters;  eastern  Kwangtung  Province,  12  juveniles 
from  Tai-yong,  altitude  650  meters,  August  4  to  7 ;  5  adults  from 
Mei-hsien  (Kaying),  altitude  200  meters,  June  9  and  18;  1  speci- 
men, seen  but  not  caught,  Tsin-leong  San,  altitude  826  meters. 
Description. — Snout  narrovired  in  front  of  eyes,  rounded  api- 
cally,  longer  than  horizontal  diameter  of  eye;  rostral  almost 
equilaterally  triangular,  separated  from  frontonasal  by  inter- 
nasals;  prefrontals  more  broadly  in  contact  with  frontal,  fron- 
tonasal, and  first  loreals,  than  with  each  other,  second  loreals, 
and  first  two  supraoculars;  frontal  one  and  one-half  times  as 
long  as  broad,  slightly  broader  anteriorly  than  posteriorly ;  fron- 
toparietals about  as  broad  as  long,  larger  than  interparietal, 
which  is  longer  than  broad;  parietals  oblique,  subrhomboidal ; 
second  loreal  one  and  one-half  times  as  long  as  deep;  suprala- 
bials  7;  infralabials  8  or  9;  first  two  chin  shields  entire,  third 
divided,  fourth  separated.  Scales  in  24  rows  around  body  at 
middle ;  55  to  60  scales  in  a  row  along  midventral  line  from  chin 
to  vent.  Adults  dull  brown  above,  brown  and  coppery  red  at 
sides,  white  on  ventral  surface;  juveniles  (to  130  millimeters 
long)  black  with  three  silvery,  green,  dorsal  stripes  on  back  and 
rows  of  spots  on  sides,  head  coppery  tan  with  black  sutures, 
labials  largely  white,  tail  steel-blue. 


Measurements  of  selected  specimens^  in  millimeters. 


M.  v.  Z. 

Sex- 

Total 

Snout 

Snout 

Head 

Axilla 

to 
groin. 

32 

Arm 

Leg 

Locality. 

No. 

length. 

to  vent. 

to  ear. 

width. 

length. 

length. 

23685 

female 

184 

66 

14.0 

10 

15 

22 

Mei-hsien. 

23650 

male 

237 

88 

17.0 

13 

38 

24 

34 

Kit-tan. 

23543 

...do 

200 

73 

15.5 

12 

27 

22 

21 

Hong  Shan. 

23546 

female 

219 

89 

20.0 

16 

43 

24 

37 

Do. 

23545 

...do 

236 

93 

18.0 

14 

48 

22 

34 

Do. 

23542 

d 

204 

75 

16.0 

12 

39 

22 

30 

Do. 

23556 

...do 

(172) 

109 

24.0 

21 

66 

28 

38 

Gang-keu.            1 

23560 

--do 

269 

101 

20.0 

14 

57 

28 

35 

Do. 

23565 

juvenile.. 

112 

44 

6.5 

7 

24 

11 

18 

Do. 

23580 

...do 

88 

30 

8.0 

6 

18 

11 

14 

Haba. 

Contents  of  nearly  fifty  stomachs  examined  {number  in  paren- 
theses refers  to  number  of  stomachs  contained  in), — Crickets 
(7) ;  spiders  (7) ;  caterpillars  (6) ;  scarabaeid  beetles  of  the 
subfamily  Melolonthinse  (7) ;  scaraba9ids  of  the  genus  Euchlora 
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(2)  ;  tenebrionid  beetle  (1) ;  other  beetles  (4) ;  snails  (3) ;  acri- 
diid  grasshoppers  (2) ;  tettigoniid  grasshoppers  (2)  ;  mole  crick- 
ets (2)  ;  dragonfly  nymphs  (2)  ;  homopteran  leaf  hopper  (1) ; 
ranatran  water  bug  (1)  ;  a  belostomid  water  bug  {Sphseroderma) 
(1)  ;  trichopteran  and  a  chrysomelid  beetle  larva  (?). 

Not  a  single  ^gg  was  found  in  any  of  the  females. 

Distribution, — Chekiang ;  Kiangsi ;  Hunan ;  Szechwan ; 
Kwangsi;  Kwantung;  Hongkong;  Hainan  Island. 

Local  Hakka  name. — K'en^ma  sa. 

SERPENTES 

COLUBRINi^ 
32.  NATRIX  ^QUIFASCIATA  Barbour. 

Matrix  mqtiifasciata  BARBOUR,  Bull.  Mus.  Comp.  Zool.  51    (1908)  317, 
Five  Finger  Mountains,  Hainan  Island. 

Two  specimens  (Nos.  23615  and  23616,  M.  V.  Z.)  were  taken 
in  southeastern  Kiangsi  Province:  1  female,  Sungwu,  altitude 
450  meters,  July  12;  1  male,  Hong  San,  altitude  800  meters, 
July  16,  1936. 

Description    (Nos.   2S615    and   23 61 6,   respectively). — ^Very 
heavy-bodied,  large ;  head  swollen  behind,  preoculars  2 — 1,  2 — 1 
postoculars  3 — 3,  3 — 4 ;  suboculars  0 — 1,  1 — 1 ;  upper  labials  8 
anterior  temporals  1 — 2,  3 — ^3;  posterior  temporals  3 — 3,  3 — 3 
body  scales  keeled,  outermost  row  weakly  so,  in  19  rows  on  neck 
and  17  rows  at  midbody  and  before  vent;  ventrals  152, 151 ;  sub- 
caudals  (incomplete),  79.     Total  lengths,  780  millimeters  (tail 
incomplete) ,  603 ;  tails  (110) ,  154.     Brownish  gray  above,  white 
below%  with  distinct  bands  on  body  and  tail,  encircling  body  but 
occurring  alternately  on  ventral  surface. 

The  stomach  of  the  male  contained  three  fish.  The  ovaries  of 
the  female  contained  over  twenty  eggs,  the  largest  measuring 
about  28  by  13  millimeters. 

Distribution. — Fukien;  Kiangsi;  Kwangsi;  Kwangtung;  Hai- 
nan Island. 

Local  Hakka  name  (Sungwu) . — Pak-ng  Tou. 

St.  NATRIX  ANNULARIS  (Hailowell). 

Tropidonotus  annularis   Hallowell,  Proc.   Acad.   Nat.   Sci.   Phila.   8 
(1856)   151,  Ningpo. 

Four  specimens  (Nos.  23618  to  23621,  M.  V.  Z.)  were  taken 
in  eastern  Kwangtung  Province,  at  Tai-yong,  altitude  650  meters, 
August  4  to  6,  1936. 
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New  to  Kwangtung  Province. 

Description, — Preoculars  single ;  postoculars  3 ;  anterior  tem- 
porals 2 ;  posterior  temporals  3 ;  supralabials  9 — 9  in  three,  9 — 8 
in  No.  23618;  infralabials  9.  Body  scales  in  19  rows  on  neck 
and  body  and  17  before  vent,  keeled  except  on  outermost  rows. 
Grayish  brown  above;  ventral  surface  red  or  yellow,  with  par- 
tially alternate  black  bands ;  labials  narrowly  edged  with  black. 


Measurements  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Ventrals. 

Subcaudals. 

Length. 

Tall. 

Bands. 

Body. 

Tail. 

23618 
23620 
23619 
23621 

female 

--do _ 

male 

female 

156 

67 

161 

157 

66 

67 

incomplete 

69 

337 
483 
461 
660 

69 

98 

(54) 

189 

39 
38 
40 
39 

21 
23 
(9) 
21 

The  stomach  of  No.  23619  contained  three  small  fish.  The 
ovaries  of  No.  23621  held  8  eggs,  25  to  36  millimeters  long,  the 
four  largest  containing  embryos  72  to  80  millimeters  long. 

Distribution. — Anhwei;  Kiangsu;  Fukien;  Kiangsi;  Kwang- 
tung; Tonkin;  Formosa. 

34.  NATBIX  BOULENGERI  Gressitt.     Plate  1. 

Matrix  boulengeri  Gressitt,  Proc.  Biol.  Soc.  Wash.  50  (1937)  125^128. 

Two  female  specimens  were  collected ;  the  type,  No.  23623  M. 
V.  Z.,  in  eastern  Kwangtung  Province,  at  Tai-yong,  altitude  640 
meters,  August  5;  and  the  paratype,  No.  23622  M.  V.  Z.,  in 
southeastern  Kiangsi  Province,  at  Hong  San,  altitude  850  meters, 
June  30,  1936. 

Description, — Neck  slender ;  head  broad  behind  middle ;  snout 
narrowed  and  truncate.  Maxillary  teeth  28  on  right  side  in  type, 
28  and  29  in  paratype.  Rostral  nearly  one  and  one-half  times  as 
broad  as  deep ;  internasals  as  long  as  broad,  narrowed  apically, 
rounded  externally;  prefrontals  one  and  one-fourth  times  as 
long  as  internasals,  their  dorsal  portions  nearly  square ;  frontal 
one  and  one-half  times  as  long  as  broad,  barely  longer  than  inter- 
parietal suture  and  barely  longer  than  its  distance  from  end  of 
snout;  supraoculars  one-half  as  broad  as,  and  slightly  shorter 
than,  frontal;  parietals  seven-twelfths  as  broad  as  long.  Nasal 
nearly  twice  as  long  as  deep ;  loreal  one  and  two-thirds  times  as 
long  as  deep ;  preoculars  single,  a  rudimentary  suture  crossing  it 
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ill  paratype,  narrowed  below ;  postoculars  2 — 2,  lower  postocular 
smaller ;  temporals  1 — 1 — 2  on  each  side,  first  temporal  twice  as 
long  as  second.  Supralabials  9 — 9  in  type,  8 — 8  in  paratype,  last 
three  supralabials  subequally  large;  mental  broader  than  long, 
acute  apically ;  inf ralabials  9 — 10  in  type,  first  five  inf ralabials  in 
contact  with  anterior  chin  shields,  the  latter  two-thirds  as  long  as 
posterior  pair.  Body  scales  in  19  rows  from  one  and  one-half 
head  lengths  behind  head  to  two  to  three  head  lengths  beyond 
middle  of  body,  in  17  rows  before  vent,  finely  keeled,  except  for 
the  first  row  on  each  side.  Ventrals  144  in  type,  145  in  para- 
type ;  anals  divided ;  subcaudals  94  in  paratype. 

Total  lengths  462  and  658  millimeters;  tails  (63)  and  219,  in 
type  and  paratype,  respectively. 

Largely  gray  and  black  above,  with  a  pair  of  pale  longitu- 
dinal dorsal  stripes.  Head  dark  brownish  black,  dorsal  surface 
finely  vermiculated  with  gray,  a  pair  of  small  gray-white  spots 
before  middle  of  parietals;  lower  portions  of  nasal,  loreal,  and 
preocular  partially  mottled  with  gray;  a  striking,  ivory-white 
stripe  on  each  side,  commencing  on  inferior  postocular  and  up- 
per hind  corner  of  sixth  supralabial,  extending  subobliquely  to 
side  and  top  of  nape,  from  where  it  continues  as  one  of  the  dor- 
sal body  stripes;  first  four  supralabials  black  below,  speckled 
above,  fifth  supralabial  speckled  anteriorly,  black  posteriorly, 
sixth  supralabial  largely  black  on  upper  half,  speckled  below; 
last  three  supralabials  largely  pure  black  except  for  ivory-white 
stripe  crossing  upper  portions ;  inf  ralabials  partly  black,  partly 
white  and  black-speckled;  chin  shields  partly  spotted.  Body 
gray-black  to  blue-black,  finely  speckled  with  white  on  sides, 
crossed  by  irregular  bands  formed  of  indistinct  black  spots; 
stripes  pinkish  brown,  anteriorly  composed  of  more  or  less  joined 
elongate-oblong  spots  on  seventh  and  eighth  scale  rows,  poste- 
riorly continuous  stripes  along  fifth  and  sixth  scale  rows.  Ven- 
trals creamy  white,  each  with  a  squarish  black  spot  on  each  side, 
separated  from  external  margin  by  a  finely  black-mottled  area 
that  on  anterior  ventrals  forms  a  more  or  less  distinct,  narrow, 
light  stripe. 

The  type  contained  three  large  elongate-oblong  eggs,  22  to 
29  millimeters  long  and  7  to  11  millimeters  in  diameter,  with  no 
evident  embryos.  The  habitat  is  probably  damp  shady  regions 
in  the  neighborhood  of  mountain  streams  and  rice  fields. 

Distribution. — Northern  and  eastern  Kwangtung  and  southern 
Kiangsi. 
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SS.  NATRIX  PEBCARINATA  (Boalenr«r). 

Tropidonotus  percarinatus  BOULENGER,  Proc.  Zool.  Soc.  London  (1899) 
163,  pi.  17,  Kuatun,  Fukien. 

Twenty-eight  specimens  (Nos.  23629  to  23656,  M.  V.  Z.)  were 
collected :  southeastern  Kiangsi  Province,  at  Hong  San,  altitude 
600  to  900  meters,  June  22  to  30  and  July  16 :  eastern  Kwangtung 
Province,  2  at  Yim-na  San,  altitude  500  meters,  June  14;  2  at 
Tai-yong,  altitude  650  meters,  August  4:  southwestern  Fukien 
Province,  1  at  Gang-keu,  altitude  550  meters,  July  23.  Speci- 
mens were  seen  in  rice  fields  at  900  meters  altitude  on  Hong 
San. 

Description, — Preoculars  single;  postoculars  4,  5,  or  3;  ante- 
rior temporals  2 ;  posterior  temporals  3 — 3  in  twenty-five  speci- 
mens, 3 — 4  in  two  specimens,  and  2 — 3  in  one  specimen,  supra- 
labials  9,  8  on  one  side  in  two  specimens  and  10  on  one  side  in 
one  specimen,  3  before  eye,  2  touching  eye,  and  4  behind  eye 
in  twenty-four  specimens,  the  other  four  having  the  formulae 
4— 1--4,  3—2—4  in  No.  23644,  4—1—4,  3—2—3  in  No.  23630, 
3_2— 5,  3—2—5  in  No.  23650,  and  3—2—4,  2—2—4  in  No. 
23652.  Body  scales  in  19  rows  from  neck  to  midbody,  17  rows 
before  vent;  ventrals  135  to  143,  subcaudals  76  to  84  in  males, 
70  to  81  in  females,  second  and  third  subcaudals  entire  in  No. 
23639 ;  largest  female,  637  millimeters  long  from  snout  to  vent ; 
largest  male,  448.  Grayish  brown  with  29  to  37  black  bands  on 
body,  indistinctly  banded  on  tail;  bands  generally  alternating 
along  midventral  line,  but  all  except  first  four  meeting  in  No. 
23649  (Juvenile). 

MeasureTnents  of  selected  specimens,  in  millimeters. 


M.  v.  Z. 
No. 

Sex. 

Ventrals. 

Subcau- 
dals. 

Total 
length. 

Tail 
length. 

Post- 
oculars. 

Body 

bands. 

23629 
23634 

female 

male 

137 
139 
141 
143 
137 
136 
140 
138 
139 
136 

77 
78 
76 

673 
497 
588 
796 
753 
631 
426 
327 
726 
487 

189 
143 
160 
(159) 
211 
171 
117 
86 
210 
142 

4—6 
4—4 
4—4 

4-4 
4—5 
5—3 
4—4 
4—5 
5—5 
4-5 

25 
34 
37 
33 
84 
33 
29 
37 
34 
38 

23645 
23630 

do 

female 

-.-.do 

do _. 

do 

isaie  . 

23642 
23633 
23638 
23649 

81 
70 
73 
77 
80 
84 

23650 
23651 

female 

male 

Stomachs  of  six  specimens  contained  tadpole  remains;  stom- 
achs of  five  others  contained  frog  remains,  three  of  which  are 
referable  to  Rana  limnocharis  and  one  probably  to  Rana  spinosa; 
stomachs  of  four  others  contained  fish  remains,  one  of  which  was 
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145  millimeters  long;  one  stomach  seemed  to  contain  several 
very  small  bird  embryos,  suggesting  that  the  snake  had  eaten 
eggs  from  a  bird's  nest.  The  ovaries  of  No.  23640  (Hong  San, 
June  28)  contained  six  small  eggs. 

Distribution. — Szechwan ;  Hupeh ;  Chekiang ;  Fukien ;  Kiangsi ; 
Kwangsi,  Kweichow;  Kwangtung;  Hainan  Island. 

Local  Haklca  name. — Fa-sam-bian. 

16.  NATBIS  PISCATOR  (Schneider). 

Hydrus  piscator  Schneider,  Hist.  Amphib.  1    (1799)  247,  East  Indies. 

Fourteen  specimens  (Nos.  23669  to  23682,  M.  V.  Z.)  were  col- 
lected: eastern  Kwangtung  Province,  7  at  Tai-yong,  altitude 
650  meters,  August  4  and  5,  2  at  Mei-hsien,  altitude  225  meters, 
June  9  and  17:  southwestern  Fukien  Province,  3  at  Gang-keu, 
altitude  550  meters,  July  24  and  25 :  southeastern  Kiangsi  Prov- 
ince, 1  at  Hong  San,  altitude  600  meters,  June  23 ;  1  at  Sungwu, 
altitude  450  meters,  July  13. 

Description. — Preoculars  single;  postoculars  3,  4,  or  5;  an- 
terior temporals  2,  3  on  one  side  in  one  specimen;  posterior 
temporals  2,  3  on  one  side  in  one  case;  supralabials  9 — 9  in 
thirteen  cases,  10 — 8  in  one  case;  scale  rows  19 — 17 — ^17;  ven- 
trals  127  to  129  in  males,  140  to  147  in  females;  subcaudals 
81  or  82  in  males,  70  to  79  in  females.  The  Tai-yong  specimens 
are  grayish  brown  to  putty-gray,  spotted  with  black;  the  two 
Mei-hsien  specimens  are  olive-green  and  yellowish  green,  respec- 
tively, with  the  dark  margins  of  ventrals  very  narrow. 
Measurements  of  selected  specimens,  in  millimeters. 


M.  V  Z. 
No. 

Sex, 

Ventrala. 

Subcau- 
dals. 

Total 
length. 

Tail 
length. 

Posto- 
culars. 

23681 

female  - 

146 

140 
146 
128 
143 
144 
127 

740 
727 
632 
197 
645 
652 
565 

(130) 
194 
158 
54 
172 
164 
178 

3—3 

23678 
23679 
23682 

.-.do 

do - 

male 

79 
73 
81 
70 
72 
82 

4—4 

3—3 
4—4 

23674 

female   - 

3—3 

23673 
23672 

.—do 

male 

3—4 
4—8 

Two  stomachs  contained  frog  and  tadpole  remains,  all  of 
Rana  limnocharis;  two  contained  fish,  those  in  one  being  a  rain- 
bow fish  and  an  eel;  the  stomach  of  No.  23675  contained  a 
pentatomid  plant  bug,  and  that  of  No.  23669  contained  vegetable 
matter. 

Distribution. — Chekiang;  Fukien;  Kiangsi;  Kwangsi;  Yun- 
nan; Kwangtung;  Hainan  Island;  also  Formosa  and  India  to 
the  Malay  Archipelago. 
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17.  NATBIX  SA0TEBI   (Bouleneer) . 

Tropidonotus   sauteri   BouLENGBB,   Ann.   &   Mag.    Nat.   Hist.    (8)    4 
(1909)    495,  Formosa. 

Two  specimens,  both  females,  were  collected:  southeastern 
Kiangsi  Province,  No.  23685  M.  V.  Z.,  Hong  San,  altitude  950 
meters,  June  30;  southwestern  Fukien  Province,  No.  23686 
M.  V,  Z.,  Gang-keu,  altitude  500  meters,  July  23. 

New  to  Kiangsi  Province. 

Description. — ^Preoculars  single;  postoculars  3 — 3;  anterior 
temporals  1 — 1  in  both;  posterior  temporals  2 — 2,  1 — 2;  supra- 
labials  7 — 7  in  both;  body  scales  17 — 17 — 17,  outermost  row 
very  weakly  keeled ;  ventrals  132, 129 ;  subcaudals  71,  78.  Mouse 
gray.  No.  23685  slightly  reddish ;  supralabials  white,  edged  with 
black;  nuchal  white  stripe  extending  from  supralabials  a  short 
distance  along  neck,  nearly  converging;  a  row  of  small  light 
spots  along  each  side  of  dorsal  surface;  ventrals  edged  with 
black  at  either  side,  the  spots  forming  almost  continuous  dark 
stripes. 

Total  lengths  380,  370  millimeters;  tails  104,  110.  No.  23686 
was  taken  by  a  rice-fields  irrigation  ditch  at  the  lower  edge  of 
a  forest ;  its  stomach  contained  an  earthworm. 

These  specimens  seem  to  differ  slightly  from  Formosan  spec- 
imens in  having  the  nuchal  white  stripe  arising  from  the  supra- 
labials instead  of  from  the  infralabials,  the  supralabials  less 
regularly  marked  with  black  and  the  black  spots  at  sides  of 
ventrals  forming  a  more  continuous  longitudinal  stripe. 

Distribution, — Formosa ;  Fukien ;  Kiangsi ;  Kwangtung ; 
Kwangsi;  Szechwan. 

38.  NATRIX  STOLATA   (Liiin«ns). 

Coluber  stolatus  LiNN^us,  Syst.  Nat.  ed.  10  (1768)  219,  "America.'' 

Fifteen  specimens  (Nos.  23711  to  23725,  M.  V.  Z.)  were  col- 
lected :  eastern  Kwangtung  Province,  5  at  Tai-yong,  altitude  650 
meters,  August  4  to  6;  2  at  Yim-na  San,  altitude  500  meters, 
June  12  and  15;  southwestern  Fukien  Province,  6  at  Gang-keu, 
July  24  to  26;  southeastern  Kiangsi  Province,  2  at  Hong  San, 
altitude  600  to  800  meters,  June  22  and  July  15. 

Description, — Preoculars  single,  2  on  one  side  in  No.  23724; 
postoculars  3 — 3  in  eleven  specimens,  3 — 4  in  three  specimens, 
and  4 — 4  in  one ;  anterior  temporals  single ;  posterior  temporals 
2 — 2  in  twelve  specimens,  2  on  one  side  and  1  on  the  other 
in  three  specimens;  supralabials  8 — 8  in  all;  body  scales  19 — 
17 — 17,  keeled;  ventrals  150  to  155  in  males,  146  to  154  in 
females;  subcaudals  77  to  81  in  males,  70  to  78  in  females. 
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Yellowish  gray  with  a  pair  of  dorsal  stripes;  head  and  neck 
reddish  yellow;  ventral  surface  creamy. 

Measurements  of  selected  specimens,  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Ventrals. 

Sub- 
caudala. 

Total 
length. 

Tail  length. 

Locality. 

2372B 
23724 
23721 
23722 
28720 
23718 
23716 
28718 
23711 

female . 

147 
153 
155 
152 
150 
148 
152 
152 
152 

65 
70 
79 

?^ 

78 

78 
71 
77 

544 
632 
488 
536 
621 
647 
521 
206 
613 

(128) 
143 
128 
143 
148 
132 
131 
49 
180 

Tai-yong. 

Do. 

Do, 

Do. 
Yim-na  San. 
Gang-keu. 

Do. 

Do. 
Hong  San. 

do 

male 

-— do-._ 

female 

do 

male , 

female 

male. 

Stomachs  of  4  specimens  from  Tai-yong  and  Gang-keu  con- 
tained remains  of  Rana  limnocharis;  one  of  these  also  contained 
part  of  a  scarabseid  beetle  of  the  genus  Euchlora,  possibly  eaten 
by  the  frog.  Ovaries  of  2  females  from  Tai-yong  contained 
ten  and  nine  eggs,  respectively,  17  to  18  millimeters  long;  1  fe- 
male from  Hong  San  (June  22)  held  six  eggs,  averaging  22 
millimeters  in  length;  1  female  from  Gang-keu  (July  23)  held 
seven  eggs,  measuring  about  18  millimeters  in  length. 

Distribution. — Chekiang;  Fukien;  Kiangsi;  Kwangsi;  Yun- 
nan; Kwangtung;  Hainan;  Formosa;  India;  Burma;  Siam;  Ma- 
lay Peninsula. 

Local  Hakka  name. — Tso-fa  Sa. 

39.  PSEUDOXENODON  BAMBUSICOLA  Vogt. 

Pseudoxenodon  bambusicola  VOGT,  Archiv  Naturg.  88   A    10    (1922) 
138,    northern    Kwangtung. 

A  single  male  specimen  (No.  23747,  M.  V.  Z.)  southeastern 
Kiangsi  Province,  taken  at  Hong  San,  altitude  850  meters, 
June  23. 

New  to  Kiangsi  Province. 

Description. — Head  broad  and  flattened;  supralabials  8;  pre- 
oculars  single;  postoculars  3;  anterior  temporals  2;  posterior 
temporals  3 — 2;  body  scales  oblique,  keeled,  in  19  rows  from 
neck  to  midbody  and  15  before  vent;  ventrals  137;  subcaudals 
54.  Light  pinkish  brown,  yellowish  on  forebody,  with  twelve 
transverse  brown  bands  on  body  and  a  pair  of  dorsal  brown 
stripes  commencing  before  middle  of  body  and  extending  to  tip 
of  tail;  labials  yellow,  nearly  immaculate;  a  distinct  black  stripe 
behind  each  eye  and  a  longer  stripe  on  each  side  of  neck  as  far 
as  first  transverse  band;  posterior  portion  of  body  and  tail 
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with  a  distinct  light  stripe  just  above  ventrals  and  subcaudals, 
respectively. 

Total  length,  459  millimeters;  tail,  89. 

Distribution. — Fukien;  Kiangsi;  Kwangtung;  Hainan  Island. 

40.  OPISTHOTEOPIS  LATOUCHII  (Bonleneer). 

Tapinophw  latouchii  Boulenger,  Proc.  Zool.  Soc.  London  (1899)  169, 
pL  18,  Kua-tun,  Fukien. 

Southeastern  Kiangsi  Province,  1  female  (No.  23749,  M.  V. 
Z.),  taken  at  Tai-au-hong,  altitude  580  meters,  July  6,  near  a 
stream. 

Description. — Prefrontals  single;  loreals  more  than  twice  as 
long  as  deep,  broadly  in  contact  with  eyes;  no  trace  of  pro- 
oculars;  postoculars  2;  temporals  1 — 1;  supralabials  9 — 9;  in- 
f ralabials  8 — 7,  first  four  in  contact  with  anterior  chin  shields ; 
body  scales  in  17  rows,  weakly  keeled  on  body,  moderately  keeled 
on  tail.  Ventrals  145 ;  subcaudals  55.  Gray-brown  above,  with 
a  narrow  black  stripe  between  each  two  scale  rows;  yellowish 
white  below,  except  for  subcaudals  which  are  all  edged  anteriorly 
and  at  either  side  with  mottled  brown;  anterior  supra-  and  in- 
f ralabials  brownish  black,  posterior  supralabials  dark  above  and 
light  below. 

Total  length,  401  millimeters;  tail,  80. 

The  stomach  contained  an  earthworm  150  millimeters  long. 

Distribution, — Fukien,  Kiangsi,  and  Kwangtung  Provinces. 

Local  Hakka  name. — Nai  Sa. 

41.  OPISTHOTROPIS  MAXWELLI  Boalenser. 

Opisthotropis  maxwelli  BouLENGiat,  Ann.  &  Mag.  Nat.  Hist.   (8)    14 
(1914)    483,  southern  Fukien. 

Four  specimens  (Nos.  23750  to  23753,  M.  V.  Z.)  were  col- 
lected: southeastern  Kiangsi  Province,  2  at  Hong  San,  altitude 
800  to  900  meters,  June  30  and  July  16:  eastern  Kwangtung 
Province,  1  at  Yim-na  San,  altitude  550  meters,  June  12 :  south- 
western Fukien  Province,  1  at  Liung-chon  San,  altitude  780 
meters,  July  22. 

New  to  Kiangsi  and  Kwangtung  Provinces.  Previously  known 
only  by  the  unique  type  from  southern  Fukien. 

Description. — Snout  broadly  rounded-truncate,  flattened, 
slightly  projecting,  four  times  as  long  as  eye.  Rostral  one  and 
one-half  times  as  broad  as  deep;  internasals  oblique  laterally, 
nearly  twice  as  long  as  broad ;  nasal  cleft  dividing  nasal  into  two 
unequal  parts,  below  nostril  extending  to  posterior  corner  of 
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first  supralabial;  prefrontal  single,  more  than  twice  as  broad 
as  long;  frontal  short,  broader  than  long,  three  to  four  times 
as  broad  as  each  supraocular;  parietals  large,  each  over  one 
and  one-half  as  long,  and  fully  as  broad,  as  frontal.  Loreal 
one  and  one-half  to  two  times  as  long  as  deep ;  preoculars  single ; 
postoculars  2 ;  anterior  temporals  single ;  posterior  temporals  2, 
single  on  one  side  in  No.  23751.  Supralabials  7,  first  reaching 
posterior  portion  of  nasal,  fifth  reaching  eye,  seventh  as  long 
as  two  preceding;  infralabials  8  or  9;  anterior  chin  shields 
longer  and  broader  than  posterior,  touching  first  five  infra- 
labials.  Scales  in  17  rows  throughout,  smooth  on  neck,  feebly 
keeled  from  before  middle  of  body,  moderately  keeled  on  tail. 
Ventrals  158  and  160  in  males,,  151  and  153  in  females;  sub- 
caudals  64  and  65  in  males,  63  and  65  in  females.  Total  length 
of  largest  specimen,  359  millimeters.  Black  above,  including 
supra-  and  infralabials,  yellow-orange  beneath ;  subcaudals  partly 
black  at  sides,  yellow  along  middle  to  just  anterior  to  tip  of  tail. 

Measurementa  in  millimeters. 


M.  V.  Z, 
No. 

Sex. 

Ventrals. 

28750 

female 

153 

23751 
23753 
23752 

do 

male 

do 

151 
160 
158 

Sub- 
caudals. 


Total 
length. 


Tall  length. 


359 
348 
349 
359 


Locality- 


Hong  San. 

Do. 
YIm-na  San. 
Llung-cbon  San. 


The  stomach  of  No.  23751  contained  remains,  probably  of 
an  insect  larva.  In  No.  23750  the  third  to  sixth  subcaudals 
are  entire. 

Distribution. — Southern  and  western  Fukien;  southeastern 
Kiangsi;  eastern  Kwangtung. 

it,  ZAOCYS  DHUMNADES  MONTANUS  Pop©. 

Zaocys  dhumnades  montanus  Pope,  Amer.  Mus.  Novitates  325  (1928) 
2,  Chungan-hsien,  Fukien. 

A  single  female  specimen  (No.  23759,  M.  V.  Z.)  was  taken 
in  southeastern  Kiangsi  Province,  Hong  San  (northeast  slope), 
altitude  840  meters,  July  14,  1936. 

This  is  the  first  Kiangsi  record  for  this  subspecies. 

Description, — Head  narrow,  slightly  wider  than  neck;  dorsal 
head  plates  large,  frontal  transverse  anteriorly,  parietals  trun- 
cate behind ;  2  pre-  and  2  postoculars ;  eye  nearly  as  long  as  its 
distance  from  tip  of  snout;  temporals  2 — 2;  supralabials  8; 
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body  scales  in  16  rows  on  neck,  14  at  midbody  and  before  vent, 
2  middle  rows  keeled  except  on  neck;  ventrals  202;  subcau- 
dals  120.  Light  brown  on  head,  orange-brown  along  dorsal  sur- 
face of  anterior  part  of  body,  a  wide  black  stripe  along  either 
side  of  vertebral  line;  lower  sides  and  ventrals  pale  bluish, 
edged  with  black. 

Total  length  1,360  millimeters;  tail  409  (incomplete). 

The  ovaries  contained  a  single,  flattened,  oblong-oval  egg^  31 
by  13  millimeters. 

Distribution. — Fukien;  Kiangsi;  Kwangtung;  Hunan;  Kwang- 
si;  Szechwan;  Tonkin. 

Local  Hakka  name, — Han-nun  Sa. 

48.  PTYAS  KORKOS   (Schleffel). 

Coluber  korros  SCHLEGEL,  Phys.  Serp.  2   (1837)   139,  Java. 

Two  male  specimens  (Nos.  23761  and  23762,  M.  V.  Z.)  rep- 
resent this  species;  the  former  was  collected  in  southeastern 
Kiangsi  Province,  Hong  San,  altitude  650  meters,  June  22,  1936 ; 
the  latter  in  eastern  Kwangtung  Province,  Mei-hsien  (Kaying), 
altitude  200  meters,  June  9. 

Description  (Nos.  23762  and  23761,  respectively), — ^Loreals 
3;  preoculars  2;  postoculars  2;  anterior  temporals  2 — 2;  pos- 
terior temporals  2 — 2,  2 — 3;  supralabials  8;  5  infralabials  in 
contact  with  anterior  chin  shields.  Body  scales  keeled  poste- 
riorly in  the  former,  smooth  in  the  latter,  in  15  rows  on  neck, 
11  rows  at  midbody,  and  11  rows  before  vent  in  23762  and 
15—13—11  in  23761.  Ventrals  167  and  162;  subcaudals  121 
and  123.  Brown  above,  striped  with  darker  along  middle  of 
each  scale  row  from  before  midbody;  ventral  surface  white, 
bluish  at  sides. 

Total  length,  1,370  and  1,208  millimeters;  tails,  452  and  419. 

The  stomachs  contained  several  Rana  limnocharis  and  the 
larva  of  a  water  beetle  of  the  family  Dytiscidae. 

Distribution, — South  China ;  Hainan  Island ;  Formosa ;  eastern 
Himalayas  to  Malay  Archipelago. 

44.  PTYAS  MUCOSUS   (Linneos). 

Coluber  vmcosus  LiNNiEUS,  Syst  Nat.  ed.  10   (1758)   226,  "Indiis." 

Two  specimens  were  collected :  eastern  Kwangtung  Province, 
1  male  (No.  23769,  M.  V.  Z.)  at  Mei-hsien  (Kaying),  altitude 
220  meters,  June  9,  1936;  1  female  (No.  23770,  M.  V.  Z.)  at 
Kakchieh,  Swatow,  August  24. 
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Description  {23769  and  23770,  respectively) . —  Loreals  3 ;  pre- 
oculars  2;  postoculars  2;  anterior  temporals  2 — 2\  posterior  tem- 
porals 2 — 3,  2 — 2 ;  supralabials  8 ;  scale  rows  19^ — 17 — 14 ;  ven- 
trals  196,  192;  subcaudals  118,  112.  Dull  brown  above,  nar- 
rowly and  irregularly  banded  with  black  posteriorly;  labials 
light,  edged  posteriorly  with  black;  ventrals  yellow,  edged  with 
black  at  sides  of  posterior  margins  on  neck  and  posterior  por- 
tion of  body;  subcaudals  similarly  marked. 

Total  lengths  1670,  1850  millimeters;  tails  415,  443. 

The  stomach  of  No.  23769  contained  a  Rana  rugulosa  and 
a  crab;  that  of  No.  23770  a  frog  and  some  plant  material. 

Distribution. — Eastern  and  southern  China;  Tibet;  Transcas- 
pia  and  Afghanistan  south  to  Ceylon  and  east  and  south  to  the 
Malay  Archipelago. 

46.  EURYPHOLUS  MAJOR  (Guenther). 

Cyclophis  major  Guentheb,  Cat.  Colubr.  Brit.  Mus.  (1858)  120,  near 
Ningpo. 

Eight  speciijiens  (Nos.  23786  to  23793,  M.  V.  Z.)  were  col- 
lected :  eastern  Kwangtung  Province,  1  at  Yim-na  San,  altitude 
550  meters,  June  14;  2  at  Tai-yong,  altitude  650  meters,  Au- 
gust 4  and  5,  1936:  southeastern  Kiangsi  Province,  3  at  Hong 
San,  altitude  800  to  900  meters,  June  26  to  30 ;  1  at  Tai-au-hong, 
altitude  520  meters,  July  4 :  southwestern  Fukien  Province,  1  at 
Liung-chon  San,  altitude  650  meters,  July  22. 

Description. — Slender;  head  narrow;  snout  nearly  pointed; 
body  scales  smooth,  in  15  rows  from  neck  to  vent.  Body  grass- 
green  above,  pale  yellowish  green  beneath,  except  for  No.  23787 
which  (in  alcohol)  is  dull  grayish  blue  above  with  the  anterior 
two-thirds  of  each  ventral  the  same  color  except  on  the  neck, 
where  they  are  white.  No.  23789  has  the  supralabials  4 — 6, 
the  others  all  8 — 8.  No.  23786  has  an  extra  scale  on  each  side 
between  lower  postocular,  anterior  temporal  and  fifth  to  seventh 
supralabials;  its  color  does  not  differ  from  that  of  the  larger 
specimens,  though  its  length  is  only  312  mm. 

No.  23788  contained  six  eggs,  measuring  18  to  20  millimeters 
in  length  and  8  to  10  millimeters  in  diameter,  in  an  early  stage 
of  development  (July  4).  Some  of  the  snakes  were  found  on 
the  ground  in  bamboo  forests;  one  hid  under  some  rocks  while 
trying  to  escape;  another  was  found  in  a  vine  in  a  shrub  one 
and  one-half  meters  above  the  ground.  The  stomachs  contained 
earth  or  the  remains  of  earthworms. 
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M.  V.  Z. 
No. 

Sex. 

Ventrals. 

Sub- 
caudals. 

Total 
length. 

Tail  length. 

Locality. 

23792 

male 

161 

95 

785 

218 

Tai-yong. 

23790 

do 

165 

89 

750 

200 

Yim-na  San. 

23789 

..-do 

154 

82 

690 

190 

Tai-au-hong. 

23791 

femele 

168 

81 

684 

161 

Tai-yong. 

23793 

-...do 

161 

81 

640 

179 

Liung-chon  San. 

23788 

male 

167 

88 

617 

160 

Hong  San. 

23787 

female 

165 

80 

593 

147 

Do. 

23786 

male 

162 

90 

312 

78 

Do. 

Distribution, — Szechwan ;   Hupeh ;   Kiangsu ;   Chekiang ; 
kien;  Kiangsi;  Hunan;  Kwangtung;  Tonkin;  Formosa. 
Local  Hakka  name. — Chan-link  Sa, 


Fu- 


46.  HOLARCHUS  FORMOSANUS   (Guenther). 

Simotes  formosanus  Guenther,  Ann.  &  Mag.  Nat.  Hist.  (4)  9  (1872) 
20,  Takao,  Formosa. 

A  single  male  specimen  (No.  23799,  M.  V.  Z.)  was  taken  in 
southeastern  Kiangsi  Province,  Hong  San,  altitude  900  meters, 
June  30,  1936,  near  the  edge  of  the  forest. 

Description. — Cylindrical;  head  short,  hardly  distinct  from 
neck;  snout  very  blunt.  Rostral  large;  supralabials  8,  oculars 
2 — 2,  and  temporals  1 — 2  on  each  side;  body  scales  smooth,  in 
19  rows  at  neck  and  midbody  and  16  before  vent;  ventrals  160; 
tail  incomplete.  Oght  brown  above  with  dark-brown  bands; 
head  distinctly  marked  with  two  oblique  stripes  on  each  side  and 
an  inverted  V  on  occiput. 

Total  length,  511  millimeters;  snout  to  vent,  445. 

The  stomach  of  this  specimen  contained  remains  which  were 
probably  those  of  insect  larvae. 

Distribution. — Chekiang ;  Kiangsi ;  Fukien ;  Kwangtung ; 
Kwangsi;  Hainan  Island;  Tonkin;  Formosa. 

47.  HOLARCHUS  VIOLACEUS  (Cantor). 

Coronella  violacea  Cantor,  Proc.  Zool.  Soc.  London  (1839)   50,  Rang- 
pur,  Bengal. 

A  single  female  specimen  (No.  23801,  M.  V.  Z.)  was  taken 
in  eastern  Kwangtung  Province,  Yim-na  San,  altitude  550  me- 
ters, June  13. 

Description. — Head  short,  truncate;  rostral  large;  preoculars 
1 — 1;  postoculars  2 — 2;  temporals  2 — 2,  2 — 3;  supralabials  10 — 
10;  body  scales  smooth,  in  17  rows  at  neck  and  midbody  and 
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15  before  vent.  Ventrals  166;  subcaudals  33,  all  but  second 
to  sixth  divided.     Reddish  orange  above,  pinkish  white  beneath. 

Total  length,  470  millimeters;  tail,  59. 

The  stomach  of  this  specimen  contained  seven  tarantulid 
spiders. 

Distribution. — Eastern  Bengal  and  Cambodia  through  Burma 
and  Tonkin  to  Kwangtung,  Fukien,  and  Hainan  Island. 

Local  Hakka  name. — Bic-kian  Sa. 

4S.  CALAMARIA  8EPTENTRIONALIS  Boulenffer. 

Calamaria  septentrionalis  BouLENGER,  Proc.  Zool.  Soc.  London  (1890) 
34,  Kiu-kiang  re^on  and  Hongkong. 

A  single  female  specimen  (No.  23803,  M.  V.  Z.)  was  procured 
in  southeastern  Kiangsi  Province,  Sungwu,  altitude  450  meters, 
in  July. 

Description. — Small,  of  uniform  diameter  throughout;  tail 
very  short  and  blunt.  Frontal  as  broad  as  long;  prefrontals 
very  large;  no  internasals,  temporals,  or  loreal;  supralabials 
4 — 4 ;  scales  smooth,  short,  in  13  rows  throughout ;  ventrals  175 ; 
anal  entire;  subcaudals  9.  Brownish  black  above;  ventral  sur- 
face and  an  incomplete  band  on  neck  and  another  at  base  of 
tail,  red;  undersurface  of  tail  black  along  middle. 

Total  length,  159  millimeters;  tail,  6. 

Distribution. — Anwei;  Chekiang;  Fukien;  Kwangtung;  Kiang- 
si; Hunan;  Kwangsi;  Hainan  Island;  Tonkin. 

Local  Hakka  name. — Leong-teu  Sa  (two-headed  snake). 

HOMALOPSIN/E 

49.  ENHYDRIS  CHINENSIS   (Gray). 

Hypairkina  chineiiais  Gray,  Zool.  Misc.   (1842)  66,  China. 

Ten  specimens  (Nos.  23813  to  23822,  M.  V.  Z.)  were  col- 
lected :  southwestern  Fukien  Province,  6  from  Gang-keu,  altitude 
525  meters,  July  24  to  27:  southeastern  Kiangsi  Province,  2 
from  Hong  San,  altitude  825  meters,  June  28  to  30:  eastern 
Kwangtung  Province,  2  from  Mei-hsien  (Kaying),  altitude  220 
meters,  June  7  and  8,  1936. 

Description. — Internasal  single;  oculars  1 — 2;  temporals  1 — 2; 
supralabials  8;  body  scales  in  23  to  25  rows  anteriorly  and  19 
before  vent;  ventrals  142  to  154;  subcaudals  40  to  51.  Gray 
above  with  side  of  ventrals  and  subcaudals  black  along  their 
anterior  margins ;  supralabials  black  above,  yellow  below. 
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Measurements  of  selected  specimens,  in  millimeters. 
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M.  V.  Z. 

No. 

Sex. 

Ventrals. 

Sub- 
caudals. 

Total 
length. 

TaiUength. 

Locality. 

23821 
23822 
23814 
28813 
23816 
23816 
23818 

female 

142 
154 
142 
145 
144 
149 
145 

42 
61 
40 
41 
42 
44 
44 

606 
279 
281 
464 
387 
303 
865 

78 
44 
87 
66 
61 
42 
50 

Mei-haien. 

Do. 
Hong  San. 

Do. 
Gang-keu. 

Do. 

Do. 

male 

female 

...-do 

--.-do 

male 

..--do 

One  stomach  contained  the  remains  of  a  frog",  another  those 
of  a  fish.  No.  23821  contained  twelve  eggs  23  by  15  millimeters, 
with  embryos  measuring  about  50  millimeters  in  length,  still 
unpigmented.  The  ovaries  of  No.  23813  held  five  eggs,  meas- 
uring 17  by  14  millimeters. 

Distribution. — Eastern  and  southern  China;  Hainan  Island; 
Formosa. 

«0.  ENHTDRIS  PLUMBEA  (Boie). 

Homalopsis  plumbea  BoiB,  Isis   (1827)   550,  Java. 

Ten  specimens  (Nos.  23844  to  23853,  M.  V.  Z.)  were  collected: 
southwestern  Fukien  Provinces,  8  at  Gang-keu,  altitude  550 
meters,  July  24  to  26 :  southeastern  Kiangsi  Province,  2  at  Hong 
San,  altitude  625  to  750  meters,  June  23  and  July  17,  1936. 

New  to  Kiangsi  Province. 

Description, — Internasal  triangular;  preoculars  2;  anterior 
temporals  single;  posterior  temporals  2  or  3;  supralabials  8, 
first  supralabial  extending  posteriorly  above;  body  scales  smooth, 
in  19  rows  from  neck  to  midbody,  in  17,  16,  or  15  before  vent. 
Greenish  black  or  greenish  brown  above,  yellowish  along  middle 
of  side  and  creamy  white  below,  with  a  small  black  spot  at 
middle  of  each  ventral,  median  sutures  of  subcaudals  black; 
labials  largely  white. 

Measurements  of  selected  specimens,  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Ventrals. 

Sub- 
caudals. 

Total 
length. 

Tail  length. 

Locality. 

23844 
23845 
23846 
23861 
23862 
23863 

female.-  _  _«  -- 

127 
129 
126 
127 
126 
126 

85 
38 
37 
37 
41 
86 

800 
201 
320 
328 
279 
289 

35 
26 
29 
89 
38 
38 

Hong  San. 

Do. 
Gang-keu. 

Do. 

Do. 

do - 

do 

do. 

male    .     -_ 

female .  _  _  -  - 

Do. 
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Contents  of  three  stomachs  included  a  Rana  limnocharis,  a 
fish,  and  a  crustacean  (?)  respectively.  The  ovaries  of  No. 
23846  contained  eggs  with  five  young  measuring  89  to  92  mil- 
limeters in  length,  fairly  well  pigmented. 

Distribution, — Chekiang;  Kiangsi;  Fukien;  Kwangtung;  Hai- 
nan Island ;  Formosa ;  Burma  and  Tonkin,  south  into  the  Malay 
Archipelago. 

Local  Hakka  name, — Mei  Sa. 

BOIGIN/E 
II.  BOIGA  MULTOMACULATA  (Boie). 

Dipsas  multomaculata   Bote,   Isis    (1827)    549,  Java. 

Four  specimens  (Nos.  23865  to  23868,  M.  V.  Z.)  were  col- 
lected: southwestern  Fukien  Province,  1  at  Gang-keu,  altitude 
575  meters,  July  25,  1936;  eastern  Kwangtung  Province,  2  at 
Mei-hsien,  altitude  220  meters,  in  the  summer  of  1935  by  Miss 
Erichson,  and  in  June,  1936,  by  the  Rev.  Mr.  David  M.  Camp- 
bell, respectively;  1  at  Kakchieh,  Swatow,  altitude  50  meters, 
July,  1936,  by  the  Rev.  Mr.  A.  H.  Page. 

Description.—Slender,  anterior  portion  of  body  and  neck  very 
narrow,  head  broad;  tail  slender.  Preoculars  single  in  three 
specimens,  double  in  one;  postoculars  2;  anterior  temporals  2; 
posterior  temporals  3;  supralabials  8;  body  scales  in  19  or 
20  rows  on  neck,  19  at  midbody  and  13  or  14  before  vent, 
vertebral  row  slightly  enlarged ;  ventrals  197  to  203 ;  subcaudals 
82  to  90.  Light  speckled  brown,  with  a  row  of  large,  trans- 
verse, dark-brown  spots  on  either  side,  with  irregular  rows 
of  smaller  spots  on  lower  sides  and  ventral  surface;  head  with 
an  arrow-shaped  mark  on  top  and  a  dark  laterial  line;  labials 
dark,  edged  posteriorly  with  brown. 


Measurements 

of  U  maleSy  in  millimeters. 

M. 

v.  Z.  No. 

Ventrals. 

Subcaudals. 

Total  length. 

Tail  length. 

Locality. 

23865 
23866 
23867 
23868 

200 
197 
203 
197 

90 

403 
620 
490 
370 

84 
(97) 
95 

74 

Gang-keu. 
Mei-hsien. 

Do. 
Swatow. 

82 
87 

The  stomach  of  the  specimen  from  Swatow  contained  the  re- 
mains of  a  gecko  {Hemidactylus  bowringii). 

Distribution, — Fukien;  Kiangsi;  Kwangsi;  Kwangtung;  Hai- 
nan Island;  Bengal  and  Burma  to  Celebes. 

Local  Hakka  name. — Bak-po-chen. 

B2987 4 
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ELAPIDiE 

61.  BUNGABUS  MULTICINCTUS  MULTICINCTUS  BIyth. 

Bungarus  multicinctus  Blyth,  Journ.  Asiat.  Soc.  Bengal  29    (1861) 
98,  Amoy. 

Three  specimens  (Nos.  23872  to  23874,  M.  V.  Z.)  were  ob- 
tained :  eastern  Kwangtung  Province,  two  half -grown  specimens 
at  Mei-hsien  (Kaying),  altitude  225  meters,  June  9  and  17: 
southeastern  Kiangsi  Province,  1  adult  near  Tai-au-hong,  alti- 
tude 580  meters,  July  6,  1936. 

Description. — Body  slender,  deeper  than  wide;  middorsal 
scale  row  enlarged  and  raised;  head  narrower  than  body  at 
middle,  very  little  wider  than  neck.  Loreal  absent ;  eyes  shorter 
than  one-half  their  distance  from  snout,  pupil  subcircular;  ocu- 
lars 1 — 2;  labials  7;  body  scales  smooth,  in  15  rows  from  neck 
to  vent.  Body  shiny  bluish  black  above  with  many  narrow, 
creamy-white  bands ;  ventral  surfaces  dull  cream,  broadly  banded 
with  black  on  tail,  ventrals  irregularly  speckled  in  the  two  larger 
specimens. 

M ea sureme7its  of  3  fenialeSy  in  ynillimeters. 


Subcaudais. 


49 
51 
50 


Total    length.!  Tail  length. 


White  bands  on- 


Body. 


570  ! 

623  i 

1,120  i 


71 
80 
134 


42 
35 
35 


Tail. 


■iJ 


The  stomach  of  No.  23873  contained  the  remains  of  an  eel 
over  200  millimeters  long.  One  of  the  smaller  specimens,  re- 
leased accidentally  in  a  room  in  daylight,  was  exceedingly  active 
in  trying  to  escape. 

Distribution. — Chekiang;  Fukien;  Kiangsi;  Kwangtung;  Hu-^ 
nan;  Hupeh;  Kwangsi;  Hainan  Island;  Formosa. 

Local  Hakka  name. — Bo-ki-kap. 

English  name. — ^Chinese  krait. 

53.  NAJA  NAJA  ATRA  Cantor. 

Naja  atra  Cantor,  Ann.  &  Mag.  Nat.  Hist,   (1842)  482,  Chusan  Is- 
land. 

Five  specimens  were  taken  (Nos.  23883  to  23887,  M.  V.  Z.), 
all  in  eastern  Kwangtung  Province:  2  at  Mei-hsien  city  (Kay- 
ing), altitude  225  meters,  June  8  and  9;  1  at  Yim-na  San, 
altitude  550  meters,  June  21,  and  2  at  Kakchieh,  Swatow,  altitude 
50  meters,  July  27  and  August  9,  1936. 
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Description. — ^Rostral  triangular;  internasal  suture  shorter 
than  prefrontal;  parietals  very  broad,  emarginate  posterola- 
terally;  nostril  vertical;  loreal  absent;  preoculars  single;  post- 
oculars  1  (5  specimens),  2  (3  specimens),  or  3  (2  specimens)  ; 
anterior  temporals  2 ;  posterior  temporals  2  on  each  side  in  two 
specimens,  2  on  one  side  and  3  on  other  in  three;  body  scales 
in  24  to  26  rows  on  neck,  21  or  20  rows  at  midbody,  and  15  or 
16  rows  before  vent;  ventrals  157  to  173;  subcaudals  45  to  50. 
Black,  narrowly  and  distinctly  banded  with  white;  back  of 
spreading  neck  with  white  spectacles  or  a  mask;  anterior  ven- 
trals white,  remainder  iridescent  silvery  black. 

Measurevients   in  ruillimeters. 


M.  V.  Z. 

No. 


23884 
23885 
23883 
23886 
23887 


Sex. 

i 
Ventrals.  i 

male, . 

1 
157  1 

-...do. 
female 

168  1 
173 

do. 

male._ 

174 
165 

Sub- 

Total 

Tail 

caudals. 

length. 

length. 

47 

522 

82 

48 

519 

78 

1,015 

(139) 

656 

(93) 

50 

1.065 

161 

Bands. 

Locality. 

17 

Mei-hsien. 

22 

Do. 

17 

Yim-na  San. 

11 

Swatow. 

6 

Do. 

Two  stomachs  contained  a  young  Bufo  inelanosticttcs  and  the 
skull  of  a  fish,  respectively. 

Distribution. — Kwangsi ;  Hunan ;  Kiangsi ;  Chekiang ;  Fukien ; 
Kwangtung;  Hongkong;  Hainan  Island;  Formosa;  Tonkin. 

Local  Hakka  name. — Fan-chok  Sa  (rice-ladle  snake) . 

English  yiame, — Chinese  cobra. 


AMBLYCEPHALIDJE 

M.  AMBLYCEPHALUS  KUANGTUNGENSIS  Vo«t. 

Amblycephalus  ktuingtungensis  VoGT,  Archiv  Naturg.  88  A  10  (1922) 
141;  Mell,  ibid.,  125. 

A  single  specimen  (No.  23890,  M.  V.  Z.) ,  a  juvenile,  was  taken 
in  eastern  Kwangtung  Province,  Tai-yong,  altitude  660  meters 
August  6,  1936. 

Description. — Neck  slender ;  head  large,  subrectangular ;  snout 
short,  broad,  truncate.  Preoculars  3 — 2 ;  postoculars  3 — 3 ;  an- 
terior temporals  2 — 2;  posterior  temporals  3 — 3;  supralabials 
6 — 6;  body  scales  14 — 14 — 14;  scales  of  two  middle  rows  en- 
larged; ventrals  184;  subcaudals  69.  Pale  whitish  tan,  with 
about  48  irregular,  transverse,  narrow,  dark-brown  bands  on 
each  side  of  body  and  about  30  less  regular  bands  on  tail ;  snout 
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and  labials  white;  top  of  head  mottled  black;  ventrals  dirty 
cream,  sparsely  and  finely  dotted  with  dark  brown. 

Total  length,  179  millimeters;  tail,  39. 

The  stomach  contained  remains  which  were  probably  those 
of  a  small  slug. 

Distribution. — Fukien;  Kwangtung;  Kwangsi. 

CROTALID^ 

BS.  TRIMERESURUS  ALBOLABRIS  Gray. 

Trimereaurus  albolabris  Gray»  Zool.  Misc.    (1842)    48,  China. 

Three  specimens  were  collected  (Nos.  23901  to  23903,  M.  V. 
Z.)  southwestern  Fukien  Province,  2  at  Gang-keu,  altitude  540 
meters,  July  27  and  28 ;  eastern  Kwangtung  Province,  1  at  Tai- 
yong,  altitude  650  meters,  August  4,  1936. 

Description. — ^Body  short;  neck  slender;  head  broad  behind; 
internasals  and  supraoculars  large,  remaining  scales  on  top 
of  head  very  small ;  first  labial  partly  fused  with  nasal ;  second 
supralabial  forming  anterior  border  of  pit;  third  supralabial 
largest;  supraoculars  separated  by  9,  10,  and  11  scales,  re- 
spectively; body  scales  keeled,  in  21,  23,  and  25  rows  on  neck, 
21  at  midbody,  and  15  before  vent.  Green  above,  with  many 
indistinct  black  bands  on  dorsum;  greenish  white  below  with 
a  longitudinal  white  line  on  each  side  commencing  on  rostral 
and  extending  along  side  of  head,  touching  lower  edge  of  eye, 
and  along  upper  portions  of  first  scale  row  on  body. 

Measurements  in  millimeters. 


M.  V.  Z. 
No. 


23901 
23902 
23903 


Sex. 


male 

.---do.- 
female  - 


Ventrals. 

Subcau- 
dals. 

Total 
length. 

Tail  length. 

151 
158 
165 

63 

419 
415 
685 

70 
(71) 
93 

52 

Locality. 


Gang-keu. 
Do. 

Tai-yong. 


The  stomachs  of  the  two  Gang-keu  specimens  contained  re- 
mains of  frogs,  probably  of  Rana  limnocharis. 

Distribution, — Fukien ;  Kwangsi ;  Kwangtung ;  Hongkong ; 
Hainan  Island;  Formosa. 

Local  Hakka  name. — Tsuk  Sa. 

56.  TRIMERESURUS  MUCROSQUAMATUS  (Cantor). 

Trigonocephalus  Triucrosquamatus   Cantor,   Proc.   Zool.   Soc.    London 
(1889)    32,  Assam. 

Four  specimens  were  collected  (Nos.  23908  to  23911,  M.  V. 
Z.)  :  southwestern  Kiangsi  Province,  3  from  Hong  San,  altitude 
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850  to  1,050  meters,  June  27  and  30  and  July  16:  southern 
Kiangsi  Province,  1  from  Ng-tze  San,  altitude  675  meters,  above 
Wong-sa-shue,  July  9,  1936. 

Description. — ^Body  fairly  long;  neck  slender;  head  broad 
behind,  narrowed  before  middle;  scales  on  top  of  head  small, 
15  or  14  in  a  row  between  supraoculars;  several  scales  between 
nasal  and  "pit'';  pupil  vertical;  fangs  long,  two  on  left  side 
in  No.  23908.  Pinkish  brown  to  rusty  brown,  with  60  to  70 
bands,  each  consisting  of  a  large  dorsal,  and  a  pair  of  smaller, 
lateral,  dark-brown  spots  which  are  blackish  near  their  edges 
and  partly  margined  with  white.  The  smallest  specimen  is  pale 
pinkish  tan  on  top  of  head,  the  largest  rusty  brown. 

Measurements  in  millimeters. 


M.  V.  Z. 

No. 

Sex. 

Ventrals. 

Subcau- 
dals. 

Total 
length. 

Tail 
length. 

Body  scales  at — 

Neck. 

Middle. 

Vent. 

23908 
23909 
23910 
23911 

female     -         _   _. 

210 
212 
213 
210 

85 
90 
77 
84 

828 
696 
830 
408 

142 

123 

135 

69 

27 
27 

27 
28 

25 
25 
25 
28 

19 
19 
19 

21 

male . 

female,- 

do 

The  stomach  of  No.  23910  held  a  large  rat.  No.  23908  was 
found  under  a  boulder  in  a  jungle  at  1,050  meters  altitude.  It 
refused  to  strike  when  captured.  Its  stomach  contained  the 
remains  of  a  rodent  with  a  tail  165  millimeters  long.  No. 
23911  was  found  under  a  pile  of  brushwood  by  a  house.  This 
species  was  not  mentioned  from  Kiangsi  by  Pope  in  1935,  and 
was  first  recorded  from  this  province  by  M.  L.  Y.  Chang  in 
1934. 

Distribution, — Fukien ;  Kiangsi ;  Kwangtung;  Kwangsi ;  Szech- 
wan;  Formosa;  Tonkin;  Burma;  Assam. 

TESTUDINATA 


PLATYSTERNID^ 

57.  PLATYSTERNON  MEGACEPHALUM  Gray. 

Platysternon  megacephalum  Gray,   Proc.  Zool.   Soc.   London    (1831) 
107,  ChiDa. 

Three  specimens  (Nos.  23926  to  23928,  M.  V.  Z.)  are  in  the 
collection:  southern  Kiangsi  Province,  1  from  Tai-au-hong,  al- 
titude 700  meters,  July  5 :  eastern  Kwangtung  Province,  2  from 
Tai-yong,  altitude  640  meters,  August  4.     An  additional  speci- 
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men,  original  No.  883,  was  procured  in  southern  Kiangsi  Prov- 
ince, Hong  San,  altitude  660  meters,  June  23,  but  died  and  was 
eaten  by  a  servant  at  Sungwu  during  my  trip  to  Tai-au-hong. 

New  to  Kiangsi  Province. 

Description, — ^Body  dorsoventrally  strongly  compressed;  ca- 
rapace oblong,  rather  plane,  weakly  unicarinate ;  head  very  large, 
one-half  as  broad  as,  and  nearly  one-half  as  long  as,  carapace; 
slightly  emarginate  posteriorly ;  tail  nearly  as  long  as  carapace. 
Brown  above,  mottled  with  yellow-brown  and  black;  plastron 
dirty  yellow-brown;  head  streaked  above;  moderate-sized  spe- 
cimens with  head  spotted  with  orange-brown  laterally  and  ven- 
trally,  and  with  neck,  legs,  and  underside  of  base  of  tail  spotted 
with  pink  or  dirty  white.  Small  specimen  with  a  dirty  white, 
black-edged  stripe  from  eye  to  neck;  lower  parts  of  head  and 
neck  pale,  with  black  dots. 

Measurements  in  millimeters. 


M.  V.  Z. 

No. 

23926 
23927 
23928 

Carapace. 

Shell 
depth. 

Platron 

Tail  length 

Locality. 

Length. 

Breadth. 

length. 

122 
100 
125 

91 
69 
84 

36 
28 
37 

99 

87 

101 

110 
93 
120 

Tai-au-hong. 
Tai-yong. 
Do. 

Original  No.  883  from  Hong  San  (lost)  measured  about  180 
millimeters  in  length  of  carapace,  which  is  near  the  maximum 
size  for  this  species,  No.  1482  was  taken  to  the  United  States 
alive,  but  died  after  nearly  five  months,  having  refused  to  eat 
snails  or  earthworms,  which  are  part  of  its  normal  diet. 

Distribution, — Kwangtung ;  Kwangsi ;  Kiangsi ;  Fukien ;  Indo- 
China;  Siam;  southern  Burma. 

Local  Hakka  name   (Tai-yong), — Bak4o-kui, 

TESTUDINID^ 

68.  CYCLEMTS  TRIFASCIATA   (Bell). 

Sternothmrus  trifasciatns  BELL,  Zool.  Journ.  Lond.  2   (1825)   305,  pi. 
14    (13). 

A  single  female  specimen  (No.  23933,  M.  V.  Z.)  was  brought 
at  Swatow,  Kwangtung  Province,  August  28.  An  additional 
specimen  was  seen  in  the  same  market. 

Description, — Carapace  broader  behind,  feebly  tricarinate; 
plastron  notched  posteriorly,  hinged  laterally  and  between  pec- 
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toral  and  abdominal  plates.  Head  yellow  above,  below  and  on 
lower  parts  of  sides,  upper  lateral  portion  dark  brown,  a  yel- 
low-brown stripe  passing  through  eye;  carapace  dull  brown, 
carinas  black;  plastron  black,  margins  partly  yellow,  median 
area  yellow-brown. 

Measurements. — ^Length  of  carapace,  127  millimeters;  width 
of  carapace,  94;  depth  of  shell,  47;  length  of  plastron,  119; 
length  of  tails,  25. 

Distribution.— Kwangtung,  Hainan  Island,  Kwangsi. 

5«.  CLEMMTS  BEALEI   (Gray). 

Cistudo  bealei  GRAY,  Synop.  Rept.   (1831)   71,  China. 

A  single  male  specimen  (No.  23936,  M.  V.  Z.)  of  this  rare 
species  was  purchased  at  Gang-keu,  southwestern  Fukien  Pro- 
vince, July  22. 

Description. — Carapace  feebly  unicarinate,  broader  behind; 
plastron  transversely  truncate  anteriorly,  slightly  emarginate 
posteriorly,  anal  suture  slightly  longer  than  pectoral  and  fem- 
oral, and  nearly  as  long  as  abdominal,  suture.  Head  with 
four  eyelike  spots  on  temporal  region,  anterior  spot  on  each 
side  oval,  vaguely  defined,  olive-brown,  with  one  central,  and 
several  peripheral,  black  spots,  posterior  "eye"  round,  red,  with 
black  center ;  sides  and  anterior  portion  of  head  olive  with  black 
vermiculations ;  maxilla  and  mandible  vertically  streaked  with 
yellow;  neck  with  three  dorsal,  and  many  ventral,  red  stripes; 
legs  brown  above,  yellowish  white  below;  carapace  olive-green, 
streaked  or  spotted  with  black  anteriorly,  more  brownish  near 
posterior  end ;  plastron  pinkish  with  a  very  few  brown  streaks. 
The  red  and  pinkish  changed  to  dirty  yellow  in  alcohol.  The 
shell  of  this  specimen  could  hardly  be  said  to  be  vermiculated, 
particularly  below. 

Measurements. — Length  of  carapace,  118  millimeters;  breadth 
of  carapace,  85;  depth,  88;  length  of  plastron,  102,  tail,  31. 

Distribution. — Fukien  Province. 

«0.  CLEMMYS  MUTICA  (Cantor). 

Emys  muticus  Cantor,  Ann.  &  Mag.  Nat.  Hist.  9  (1842)  482,  Chusan 
Island,  Chekiang. 

Two  specimens  (Nos.  23937  and  23938,  M.  V.  Z.)  were  pur- 
chased at  Swatow,  Kwangtung  Province,  August  28.  This 
species  was  most  numerous  among  a  lot  of  hard-shelled  turtles 
brought  to  me  there.  The  two  bought  were  the  largest  and 
smallest,  respectively,  of  the  lot.  This  species  has  not  pre- 
viously been  recorded  from  Kwangtung  Province,  and  is  not 
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known  from  Fukien  Province.  No.  23937  had  evidently  been 
previously  kept  in  captivity,  as  one  of  its  hind  legs  had  been 
amputated  and  healed.  Though  this  might  suggest  introduction, 
the  species  is  quite  likely  indigenous,  as  it  has  already  been  re- 
corded from  Hainan  Island  and  Formosa. 

Description, — ^Larger  specimen,  23937:  Carapace  oblong-oval, 
nearly  as  broad  anteriorly  as  posteriorly,  feebly  unicarinate, 
flattish  in  middle,  second  and  third  neural  plates  nearly  rec- 
tangular; plastron  concave  in  middle,  truncate  anteriorly  and 
strongly  emarginate  posteriorly,  longitudinal  sutures  not  vary- 
ing much  in  length,  abdominal  suture  longest.  Greenish  olive 
on  top  of  head,  yellowish  white  below,  a  greenish  yellow  stripe 
extending  back  from  eye;  legs  black  above;  shell  largely  black, 
carapace  partly  brownish  at  sides,  plastron  with  a  few  yellow 
splotches.  Smaller  specimen,  23938:  Carapace  serrate  behind, 
with  a  strong  median,  and  feeble  lateral,  carinas,  three  middle 
neurals  strongly  angulate  laterally ;  plastron  slightly  emarginate 
anteriorly,  deeply  so  posteriorly.  Color  of  head  as  in  23937; 
carapace  chocolate-brown ;  plastron  dirty  yellow,  each  plate  with 
a  large,  brownish-black  blotch  on  outer  part,  touching  posterior 
margin;  tail  light  with  sides  grayish  black. 

Measurements,  23937  and  23938,  respectively, —Length,  of  car- 
apace, 187,  115  millimeters;  width  of  carapace,  132,  83;  depth, 
53 ;  length  of  plastron,  163,  101 ;  tail,  33,  31. 

Distribution. — Anhwei ;  Kiangsu ;  Chekiang ;  Kwangtung ;  For- 
mosa; Hainan  Island. 

U.  GEOCLEMYS  REEVESI  (Gray). 

Emys  Reevesi  Gray,  Synop.  Rept.    (1881)    73,  China. 

A  single  specimen  (No.  23939,  M.  V.  Z.),  a  male,  was  taken 
from  a  swimming  pool  at  Kakchieh,  across  the  river  from  Swa- 
tow,  eastern  Kwangtung  Province,  August  27. 

Description, — Body  fairly  deep ;  carapace  oblong-oval,  slightly 
broader  posteriorly,  plastron  truncate  anteriorly,  deeply  emar- 
ginate posteriorly,  abdominal  plates  longest.  Head  grayish  green 
with  two  narroY/,  longitudinal,  slightly  sinuous  yellow  stripes 
on  each  side,  the  upper  stripe  continued  onto  neck;  tympanum 
bordered  with  a  similar  line ;  throat  spotted,  undersides  of  neck 
striped  with  yellow;  carapace  reddish  brown;  plastron  blackish 
brown,  sutures  narrowly  yellow;  legs  largely  gray  with  a  few 
yellow  spots. 

Measurements. — Length  of  carapace,  154  millimeters ;  breadth, 
106 ;  depth,  65 ;  length  of  plastron,  144 ;  tail,  30. 
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Distribution, — Most  of  China  (perhaps  introduced  into  the 
South  from  the  North)  ;  Korea;  southern  Japan. 

62.  OCADIA  SINENSIS  (Gray). 

Emys  sinensis  Gray,  Proc.  Zool.  Soc.  London   (1834)   53,  China. 

A  single  specimen  (No.  23943,  M.  V.  Z.),  a  female,  was  pur- 
chased at  Swatow,  eastern  Kwangtung  Province.  Additional 
captive  specimens  were  seen  there. 

Description,— CsLTB.ptice  oval,  strongly  arched,  broadest  behind 
middle,  tricarinate,  lateral  carinas  feeble;  plastron  transversely 
subsinuate-truncate  anteriorly,  rounded-emarginate  posteriorly, 
abdominal  plates  largest.  Head  and  neck  black,  longitudinally 
striped  with  yellow,  except  on  middle  of  top  of  head,  sides 
of  head  broadly  striped,  gula  and  ventral  surface  of  neck  pale 
yellow  with  fine  black  lines;  carapace  dull  reddish  brown,  sutures 
black;  plastron  dirty  yellowish  white,  each  plate  with  central 
portion  light  chocolate  brown;  legs  and  tail  largely  black  with 
yellow  stripes  above,  and  yellow,  striped,  or  ocellated,  below, 
with  black. 

Measurements,— Length  of  carapace,  153  millimeters;  breadth, 
110;  depth,  57;  length  of  plastron,  141;  tail,  46, 

Distribution,— FormoBB.;  Hainan;  Kwangtung;  Annam. 

TRIONYCHID^ 

63.  TRIONYX  SINENSIS  Wiegmann. 

Trionyx  (Aspidonectes)  sinensis  Wiegmann,  Nova  Acta  Leop,  Carol. 
17    (1835)   189,  small  Island  in  Tiger  River,  near  Macao. 

Eleven  specimens  (Nos.  23947  to  23957,  M.  V.  Z.)  were  taken: 
eastern  Kwangtung  Province,  2  purchased  at  Mei-hsien  (Kaying, 
Moejen),  altitude  230  meters.  May  30:  southeastern  Kiangsi 
Province,  7  (23947  to  23953),  purchased  near  Hong  San,  alti- 
tude 600  mxcters,  June  21:  southwestern  Fukien  Province,  2 
carapaces  (23954  and  23955),  procured  between  Shanghang  and 
Liung-chon  San  and  at  Gang-keu,  respectively,  in  July.  No. 
23956  was  skeletonized.  Fukien  Province,  3  very  nearly  spher- 
ical, white,  hard-shelled  eggs,  measuring  19  to  20.5  millimeters 
in  diameter,  were  brought  to  me  at  Gang-keu,  July  24.  They 
contained  no  evident  embryos. 

Description, — Nostrils  produced  into  a  fleshy  snout;  lips 
fleshy ;  neck  granulated ;  body  greatly  depressed ;  bony  carapace 
covered  with  a  fleshy  dorsal  shield  (disc)  extending  beyond  ribs; 
plastral  bones  incomplete,  loosely  jointed,  covered  with  skin; 
disc  with  a  raised  anterior  margin,  sublongitudinally  ridged 
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over  most  of  surface  with  rows  of  narrow  tubercles,  more  prom- 
inently in  smaller  individuals,  skin  covering  bony  carapace 
closely  vermiculated,  skin  behind  carapace  grossly  and  densely 
tuberculate.  Largely  putty-gray  above  and  white  beneath, 
bluish  or  mottled  on  underside  of  head,  neck,  hands,  and  feet. 
Even  the  smallest  specimen  (72  millimeters)  lacks  the  black 
ventral  blotches  characteristic  of  juveniles  from  farther  north. 


Measurements  of  9  specimens,  in  millimeters. 


M.  V.  Z. 

No. 

i 
Sex.            ! 

! 

23954 

23948 

i 

23850 

23947 
23949 
23957 

female ; 

male i 

23952 

, j 

23953 
23951 

j 

male | 

Carapace 
length. 


132 

110 

77  I 
70  I 
70  I 
70  { 
57  i 
56  I 
43  I 


Disc. 


Body 
length. 


169 
123 
117 
115 
110 
94 
90 
72 


Width. 


Depth  of 

body. 


127 
98 

90 
89 
78 
76 
74 
61 


Plastron 
length. 


Tail,  from 
leg. 


121 

67 

109 

39 

93 

36 

89 

43 

89 

31 

75 

31 

75 

26 

60 

23 

Distribution. — All  of  China  except  the  highest  parts  in  the 
west;  Hainan;  Formosa;  probably  also  Japan  and  eastern  Si- 
beria. 

Local  Hakka  name, — Toi-ng, 


ILLUSTRATION 

Plate  1 

[Drawing:  prepared  by  T.  P.  MaslinJ 

Natrix  boulengeri  Gressitt,  23623,  M.  V.  Z.,  female,  from  Tai-yong,  altitude 
540  meters,  eastern  Kwangtung  Province.  Tracings  on  photographs. 
X  3  i.  Fig.  1,  dorsal  view  of  head;  2,  ventral  view  of  head;  S,  lateral 
view  of  head. 
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PLATE.  1.     NATRIX   BOULENGERI   GRESSITT. 


THE  HORNETS  OF  THE  PHILIPPINES 

HYMENOPTERA,  DIPLOPTERA,  VESPINiE 

By  J.  Bequaert 
Of  the  Museum  of  Comparative  Zoology,  Harvard  University,  Cambridge 

The  hornets  of  the  Indo-Malayan  Region  belong  to  two  gen- 
era, differing  as  shown  in  the  following  key. 

Key  to  the  Indo-Malayan  genera  of  hornets. 

Head  small,  outer  orbits  narrow,  vertex  short;  posterior  ocelli  placed  about 
as  far  from  occiput  as  from  eyes.  Ocelli  very  large,  close  together. 
First  abdominal  segment  cup-shaped,  tergite  convex  and  broadly 
rounded  off  anteriorly  Provespa. 

Head  very  large,  outer  orbits  broad,  vertex  long;  posterior  ocelli  placed 
at  least  three  times  as  far  from  occipital  margin  as  from  eyes.  Ocelli 
normal,  exceptionally  somewhat  swollen.  First  abdominal  segment 
transverse,  tergite  truncate  and  abruptly  sloping  anteriorly....  Vespa, 

Provespa  Ashmead  includes  three  species  of  nocturnal  habits 
and  is  known  definitely  from  Sikkim,  Bhutan,  Burma,  Tenas- 
serim,  Malacca,  Siam,  Cambodia,  Cochin-China,  Sumatra,  and 
Borneo.  The  occurrence  in  Celebes  is  doubtful  and,  according 
to  J.  van  der  Vecht,^  this  genus  does  not  exist  in  Java.  Ash- 
mead included  Provespa  anomala  (de  Saussure)  (Syn. :  doryl- 
loides  de  Saussure)  in  his  lists  of  the  Hymenoptera  of  the  Phil- 
ippines,^ but  there  is  no  evidence  that  this  hornet  was  ever  taken 
there.  There  is  no  specimen  from  the  Islands  in  any  of  the 
collections  I  have  studied.  As  these  nocturnal  wasps  are  at- 
tracted by  artificial  light,  they  could  scarcely  be  overlooked. 

Genus  VESPA   Linnaeus 

The  hornets  of  the  Philippines  belong  to  three  structural  spe- 
cies, separable  by  the  following  key. 

^'Entom.  Meded.  Nederl.-Indie  1    (1935)  41. 

'Journ.  New  York  Ent.  Soc.  12  (1904)  7;  Proc.  U.  S.  Nat.  Mus.  28 
(1904)   151. 
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Key  to  the  Philippine  species  of  Vespa. 

1.  Lower  margin  of  eye  far  from  base  of  mandible;  intervening  oculomalar 

space  about  length  of  fifth  antennal  segment  in  female  and  worker, 
about  half  length  of  fourth  antennal  segment  in  male.  Clypeus  of 
female  and  worker  with  a  deep  areuate  excision  at  apex  and  prom- 
inent, bluntly  triangular  edges  V.  tropica. 

Lower  margin  of  eye  much  nearer  base  of  mandible;  intervening  oculo- 
malar space  at  most  half  length  of  sixth  antennal  segment  in  female 
and  worker,  at  most  half  length  of  seventh  antennal  segment  in 
male.  Clypeus  of  female  and  worker  arcuately  excised  at  apex, 
but  edges  very  broad  and  evenly  rounded  off 2. 

2.  Clypeus  coarsely  punctate  all  over  in  both  sexes.     Eyes  about  as  far 

apart  at  vertex  as  at  clypeus.     Ocelli  of  normal  size,  posterior  pair 

smaller  than  their  interval  V.  affinis. 

Clypeus  more  superficially  and  sparsely  punctate  in  both  sexes.  Eyes 
somewhat  farther  apart  at  clypeus  than  at  vertex.  Ocelli  some- 
what swollen,  posterior  pair  slightly  larger  than  their  interval. 

V,  luctuosa. 

Two  of  these  species  are  represented  in  the  Philippines  by 
more  than  one  color  form,  there  being  nine  such  forms  (or 
races)  of  hornets  in  the  Archipelago.  For  easy  identification 
it  may  be  more  practical  to  compare  them  in  one  general  key. 

Key  to  the  Philippine  subspecies  of  Vespa. 

1.  Thorax    and    abdomen   wholly   or    almost   wholly   black;    postscutellimi 

black;  at  most  a  narrow  pale  line  at  apex  of  second,  more  rarely 

at  apex  of  first  and  second  tergites;  head  black  2. 

Head,  thorax,  and  abdomen  not  wholly  nor  almost  wholly  black;  ab- 
domen partly  orange-yellow,  or  several  of  the  tergites  with  pale 
apical  bands,  or  postscutellum  with  pale  marking,  or  head  partly 
pale    3. 

2.  Wings  uniformly  yellowish-russet,  only  slightly  darker  close  to  costa. 

V.   tropica  var.   deusta. 

Wings  very  strongly  infuscate  (almost  black)  in  basal  half;  apical 
portion  yellowish  russet V.  tropica  var.  anthracina. 

3.  One  or  more  of  first  three  abdominal  tergites  extensively  orange-yellow 

or  ferruginous.     Head  and  thorax  black  or  with  some  ferruginous 

blotches  4. 

Abdomen  without  orange-yellow  or  ferruginous;  usually  some  of 
tergites  margined  with  pale  or  dark  yellow.  Head  partly  yellowish. 
Postscutellum  partly  or  mostly  yellowish  „.„  6. 

4.  First  three  abdominal  tergites  with  very  broad  orange-yellow  apical 

margins    (rarely  fourth  also  with  apical  fascia) ;  sternites  almost 

wholly  black  - V.  tropica  var.  philippinensts. 

Second  or  first  and  second  abdominal  tergites  mostly  orange-yellow....  5, 

5.  First  and  second  abdominal  tergites  mostly  orange-yellow.     Structural 

characters  of  V,  affinis V.  affinis  var.  indosinensis. 
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Only  second  tergite  and  sternite  mostly  orange-yellow;  first  tergite 
rarely  with  small  orange  apical  spots  or  narrow  margin.  Struc- 
tural characters  of  V.  tropica  V,  tropica  var.  tropica. 

6.  Thorax  black,  except  for  partly  or  wholly  yellowish  postscutellum  and 

sometimes  a  narrow  margin  on  pronotum.    Apical  yellowish  mar- 
gins of  tergites  narrow  and  regular 7. 

Thorax  more  extensively  yellowish;  in  addition  to  postscutellum,  pro- 
podeum  also  marked  with  yellowish.  Apical  yellowish  margins  of 
tergites  wider  and  more  or  less  notched  anteriorly 8. 

7.  Sixth  abdominal  tergite  black V.  luctuosa  var.  iuctuosa. 

Sixth  abdominal  tergite  mostly  or  wholly  yellowish. 

y.   luctuosa  var.   semperi. 

8.  Thorax  moderately  marked  with   yellow;   scutellum  as   a   rule  wholly 

black.     All   tergites  margined  with   yellowish,  sixth  tergite  either 

partly  or  wholly  yellowish V.  luctuosa  var.   hellicosa. 

Thorax  extensively  marked  with  yellowish;  scutellum  spotted  with  yel- 
lowish. Only  first  four  tergites  of  abdomen  broadly  margined 
with  yellowish,  remainder  black  or  fifth  tergite  narrowly  mar- 
gined    V.  luctuosa  var.  luzonensis. 

VESPA  TROPICA  (Linnaus). 

I  have  recently  discussed  the  characters  and  color  forms  of 
this  widely  distributed  Oriental  hornet,  which  has  often  been 
confused  with  F.  affinis,^  Of  the  twelve  color  forms  that  I 
recognize  four  occur  in  the  Islands,  but  one  of  these  has  been 
found  only  in  the  Sulu  Archipelago. 

VESPA  TROPICA  var.  TROPICA  Bequaert. 

Sphex  tropica  Linnaeus,  Syst.  Nat.  10th  ed.  1   (1758)  571,  "in  Indiis." 
Vespa  tropica  var.  tropica  Bequaert,  Treubia  pt.  4  15   (1936)  337. 
Vespa  cincta  Fabricius,  Syst.  Entom.  (1775)  862,  Malabar. 

I  have  seen  two  specimens  of  the  typical  form  from  the  Sulu 
Islands;  Bud  Dajo,  Jolo,  1;  and  Bongao  (Tawitawi),  1.  It  is 
unknown  at  present  from  the  rest  of  the  Philippines. 

The  typical  form  is  common  in  Tenasserim,  Assam,  Sikkim, 
Tonkin,  Indo-China,  Siam,  Penang,  Sumatra,  Nias,  Banka,  Bil- 
liton,  Java,  Lombok,  Madoera,  Amboina,  and  Borneo. 

VESPA  TROPICA  var.  DEUSTA  Lepeletier. 

Vespa  deusta  Lepelbtier,  Hist.  Nat.  Ins.  Hym.  1  (1836)  506,  female, 
no  locality;  DE  Saussure,  Et.  Fam.  Vesp.  2  (1854)  149,  female; 
Smith,  Cat.  Hym.  Brit.  Mus.  5  (1857)  121;  Dali^  Torre,  Cat. 
Hym.  9  (1894)  145;  Gen.  Insect.  Vesp.  (1904)  65;  Ashmead, 
Journ.  New  York  Ent.  Soc.  12  (1904)  7,  Bacoor;  Proc.  U.  S.  Nat. 
Mus.  28  (1904)  151;  DU  BuYSSON,  Ann.  Soc.  Ent.  France  pt.  3 
73    (1904)   489,  528,  2  females,  Mindanao,  Luzon    (Albay,  Manila, 

^Treubia  pt.  4  15   (1936)  333-345. 
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Mount   Arayat),    Palawan    (Puerto   Princesa) ;    Williams,    Expt. 

Sta.  Hawaiian  Sugar  Planters'  Assoc.  Ent.   Ser.   Bull.   14    (1919) 

165,   fig.    95,   female,   Los    Baiios,    Luzon;    Philip.   Journ.    Sci.    35 

(1928)   78. 
Vespa  tropica  var.  deusta  Bequajsrt,  Treubia  pt.  4  15    (1936)   341, 

2  females  and  1  male. 
Vespa   unicolor    Smith,   Journ.    Proc.    Linn.    Soc    London    Zool.    7 

(1863)    44,  female,  Buru. 

Specimens  examined, — Luzon,  Manila,  (jB.  C.  McGregor) : 
Laguna  Province,  Los  Baiios  (Coll.  Agric;  Philip,  Bur.  Sci.) ; 
Mount  Maquiling,  up  to  1,000  meters  (Coll.  Agric.)  ;  Mount  Ba- 
nahao  (Philip.  Bur.  Sci.)  :  Tayabas  Province,  Atimonan  (Philip. 
Bur.  Sci.)  :  Camarines  Sur  Province,  Mount  Isarog  (M.  B. 
Mariano;  Philip.  Bur.  Sci.)  :  Nueva  Vizcaya  Province,  Bayom- 
bong  (Coll.  Agric.) :  La  Union  Province,  San  Juan  (J.  Fonta- 
nilla;  Coll.  Agric.)  :  Rizal  Province,  Novaliches  (W.  Schultze; 
Philip.  Bur.  Sci.).  MiNDORO,  Calapan  (P.  de  Mesa);  Mount 
Halcon  (E.  D.  Merrill;  Philip.  Bur.  Sci.)  ;  Puerto  Galera  (S.  M. 
Cendana;  Coll.  Agric.)  ;  Lubang  (P.  de  Mesa). 

Also  known  from  Celebes,  Buru,  and  Dutch  New  Guinea.  The 
supposed  occurrence  in  Sumatra  is  doubtful. 

Some  of  the  records  from  the  Philippines  in  the  literature  listed 
above  (particularly  du  Buysson's  record  Mindanao)  are  prob- 
ably based  on  a  specimen  of  var.  anthracina,  which  was  until 
recently  confused  with  var.  deusta. 

VESPA  TROPICA  Tar.  ANTHRACINA  Beqaaert. 

Vespa  tropica  var.  anthracina  Bequaert,   Treubia  pt.  4   15    (1936) 
341,  2  females  and  1  male;  type  locality,  Sibuyan. 

Specimens  examined. — Sibuyan  (C.  F.  Baker).  Palawan 
(or  Paragua)  (Doherty)  ;  Puerto  Princesa  (R.  C.  McGregor; 
Philip.  Btir.  Sci.)  ;  Iwahig  (Philip.  Bur.^  Sci.)  ;  Bacuit  (Prince 
Leopold  of  Belgium) .  Panay,  Colasi  (R.  C.  McGregor) .  Min- 
danao, Surigao  Province,  Surigao  (C.  F.  Baker)  :  Davao  Prov- 
ince, Calian  (C,  F.  Clagg)  :  Zamboanga  Province,  Dapitan.  Not 
located:  Bukidnon  Province  (Philip.  Bur.  Sci.). 

From  available  records  it  would  appear  that,  while  var.  deusta 
Is  common  in  the  northern  half  of  the  Archipelago  (Luzon, 
Mindoro,  Lubang) ,  it  is  replaced  by  var.  anthracina  in  the  south- 
ern half  (Sibuyan,  Panay,  Palawan,  Cebu,  Mindanao).  The 
latter  form  is  not  known  outside  the  Philippines. 
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VESPA  TROPICA  var.  PHILIPPINENSIS  de  Sausaure. 

Vespa  philippinensis   de   Saussure,   Et.    Fam.   Vesp.    2    (1854)    148, 

male,  Philippines;    Smith,   Cat.   Hym.   Brit.   Mus.   5    (1857)    121; 

Journ.  Proc.  Linn.  Soc.  London  Zool.  5   (1860)   131;  7   (1863)   44; 

Dalla  Torre,  Cat  H<ym.  9   (1894)   152;  Gen.  Insect.  Vesp.   (1904) 

65;  AsHMEAD,  Journ.  New  York  Ent.  Soc.  12   (1904)   7,  Baliwag; 

Proc.  U.  S.  Nat.  Mus.  28  (1904)  151;  DU  Buysson,  Ann.  Soc.  Ent. 

France  pt.  3  73   (1904)  489,  529,  female,  Mindanao. 
Vespa  tropica  var.  philippinensis  Bequaert,  Treubia  pt.  4  15   (1936) 

342,  2  females  and  1  male. 

Specimens  Examined, — Luzon,  Laguna  Province,  Los  Banos 
(C.  P.  Dolores;  Philip,  Bur,  Sci.),  Samar,  Mauo  River  (Prince 
Leopold  of  Belgium)  ;  Oquendo  (Philip.  Bur.  ScL).  Negros,  Oc- 
cidental Negros  Province,  Maao  (C,  S,  Banks;  Philip.  Bur.  Sci.)  ; 
Canlawan  (C.  S.  Banks;  Philip.  Bur.  Sci.).  Mindanao,  Surigao 
Province,  Surigao  (C,  F.  Baker).     Not  located,  Ubay  (Semper). 

F.  Smith's  records  of  this  form  from  Buru  and  Amboina  need 
confirmation. 

VESPA  APFINIS  (Linnasu*). 

This  species,  often  confused  v^ith  F.  tropica  (V.  cincta  of 
authors),  was  also  revised  in  Treubia.^  I  recognized  six  color 
forms,  only  one  of  which  is  known  from  the  Philippines. 

VESPA  AFFINIS  rar.  INDOSINENSIS  (P^rez). 

Vespa  unifasciata  Olivier,  Encyclop.  Method.  Insectes  6  <1791) 
677,  "Indes  orientales;"  not  V.  unifasciata  Gmelin,  1790. 

Vespa  nigripennis  de  Saussxjrb,  Et.  Fam.  Vesp.  2  (1854)  156,  fe- 
male, Philippines;  Smith,  Cat.  Hym.  Brit.  Mus.  5  (1857)  121; 
Dalla  Torre,  Cat.  HynL  9  (1894)  150;  Gen.  Insect.  Vesp.  (1904) 
65;  Ashmead,  Journ.  New  York  Ent.  Soc.  12  (1904)  7;  Proc. 
U.  S.  Nat.  Mus.  28  (1904)  151;  DU  BuYSSON,  Ann.  Soc.  Ent.  France 
pt.  4  73   (1904)  620;  not  V.  nigripennis  de  Geer  (1773). 

Vespa  indosinensis  P^rez,  Actes  Soc.  Linn.  Bordeaux  64  (1910)  8, 
(1910)  8,  male  or  female,  Cochin-China,  Annam,  Malacca,  northern 
Celebes;  India. 

Vespa  affinis  var.  indosinensis  Bequaert,  Treubia  pt.  4  15  (1936) 
349,  2  females  and  1  male. 

Specimens  examined. — Samar,  Mauo  River  (Prince  Leopold 
of  Belgium).  Palawan  (or  Paragua),  Biscuit  (Prince  Leopold 
of  Belgium)  ;  Puerto  Princesa  (R,  C.  McGregor;  Philip.  Bur. 
Sci.)  ;  Iwahig  (C,  M.  Weber;  Philip.  Bur.  Sci.).  Dumaran  (W. 
Schultze;  Philip.  Bur.  Sci.).  Mindanao,  Zamboanga  Province, 
Zamboanga. 

*pt.  4   15    (1936)    345-351. 
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The  specimens  from  the  Philippines  (Luzon,  Puerto  Princesa) 
recorded  by  R.  du  Buysson  under  V.  cincta  var.  affinis  ^  were  var. 
indosinensis,  Ashmead  includes  V.  cincta  in  one  of  his  lists  of 
Philippine  Hymenoptera  ^  but  apparently  he  saw  no  specimens. 

The  var.  indosinensis  is  widely  distributed,  being  known  also 
from  Indo-China,  the  Federated  Malay  States,  Sumatra,  Si- 
malur,  Engano,  Nias,  Banka,  Mentawei  Archipelago,  Borneo, 
Celebes,  Ternate,  Halmahera,  Amboina,  Salawatti,  Aru,  Waigeu, 
and  New  Guinea. 

TBSPA  LUCTUOSA  de  SMNiir«. 

In  a  recent  paper '  I  recognized  five  color  forms  of  this  spe- 
cies, four  of  them  known  from  the  Philippines.  The  fifth  form, 
V,  luctuosa  var.  malayana  Bequaert  (==  F.  annulata  Smith), 
occurs  in  Borneo  and  Sumatra. 

VESPA  LUCTUOSA  var.  LUCTUOSA  (4m  SMitur*). 

Vespa  luetuosa  DE  Saussure,  Et.  Fam.  Vesp.  2  (1854)  143,  1  male, 
Philippines;  Smith,  Cat.  Hym,  Brit.  Mus.  5  (1857)  121;  Dalla 
Torre,  Cat.  Hym.  9  (1894)  148;  Gen.  Insect.  Vesp.  (1904)  65; 
Ashmead,  Journ.  New  York  Ent.  Soc.  12  (1904)  7,  Bacoor;  Proc. 
U.  S.  Nat.  Mus.  28  (1904)  151;  DU  BuYSSON,  Ann.  Soc.  Ent. 
France  pt.  4  73  (1904)  619,  1  male;  Wiluams,  Expt.  Sta.  Ha- 
waiian Sugar  Planters'  Assoc.  Ent.  Ser.  Bull,  14  (1919)  164,  Los 
Banos;  Philip.  Journ.  Sci.  35  (1928)  78;  Bequaert,  Bull.  Mus. 
R.  Hist.  Nat.  Belgique  (28)   10   (1934)  3,  2  females  and  1  male. 

Specimens  examined, — Luzon,  Laguna  Province,  Mount  Ma- 
quiling  (C.  F.  Baker) ;  Mount  Banahao  (C  F.  Baker)  ;  Los 
Baiios  (Philip.  Agric) ;  Majayjay  (C.  S.  Banks;  Philip,  Bur, 
ScL)  :  Rizal  Province,  Mount  Pulo  (R,  C.  McGregor)  :  Tayabas 
Province,  Gumaca  {Foxworthy;  Philip,  Bur,  Sci,) ;  Kasiguran 
{A,  Duyag;  Philip,  Bur.  Sci,).  MiNDORO,  Mount  Halcon  (E. 
D.  Merrill;  Philip.  Bur,  Sci.) ;  Calapan  (P.  de  Mesa).  Minda- 
nao, Cotabato  Province,  Kolambugan  (C.  S.  Banks;  Philip.  Bur. 
Sci.) ;  Jalog  River,  Mount  Apo,  6,000  feet  (C,  F.  Clagg)  :  Davao 
Province,  Calian  (C.  F.  Clagg).  Negros,  Oriental  Negros  Prov- 
ince, Dumaguete  (/.  W.  Chapman)  :  Occidental  Negros  Prov- 
ince, Maao  (C.  S.  Banks;  Philip.  Bur.  Sci.).  TiCAO  (R.  C. 
McGregor;  Philip.  Bur.  Sci.).  Samar,  Oquendo  (Philip.  Bur. 
Sci). 

•^'Ann.  Soc,  Ent.  France  pt.  3  73   (1904)   536. 

«Proc.  U.  S.  Nat.  Mus.  28    (1904)    151. 

'Bull.  Mus.  R.  Hist.  Nat.  Belgique  (28)   10  (1984)  1-50. 
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Apparently  distributed  over  the  entire  Archipelago  and  com- 
mon everywhere,  but  not  known  outside  the  Philippines.  The 
queens  are  much  larger  than  the  workers  and  much  less  marked 
with  pale  yellow  (more  ivory-white)  on  the  abdomen;  this  wasp 
is  sometimes  entirely  black  or  the  first  tergite  only  is  narrowly 
margined.  Often  also  there  is  only  a  narrow  transverse  pale- 
yellowish  streak  on  the  postscutellum. 

VE8PA  LUCTUOSA  v«r.  SEMPERI  ilii  Buysson. 

Vespa  bellicosa  var.  semperi  du  Buysson,  Ann.  Soc.  Ent.  France 
pt.  3  73  (1904)  542,  1  female,  Comigu,  Mindanao,  Lubang,  Luzon, 
Tayabas. 

Vespa  liictuosa  var.  semperi  Bequaert,  Bull.  Mus.  R.  Hist.  Nat. 
Belgique    (28)    10    (1934)    4,  female. 

Specimens  examined. — Mindanao,  Davao  Province,  Calian, 
(C.  S.  Clagg)  :  Cotabato  Province,  Kolambugan  (C.  S.  Banks; 
Philip.  Bur.  Sci.)  :  Zamboanga  Province,  Zamboanga. 

Var.  semperi  is  not  known  outside  the  Philippines  and  seems 
to  occur  sporadically  with  typical  luctuosa. 

VESPA  LUCTUOSA  Tar.  BELLICOSA  dt  Saataare. 

Vespa  bellicosa  DE  Saussure,  Et.  Fam.  Vesp.  2    (1864)    146,  pi.  14, 

fig.    10,    1    female,   Java;    du    Buysson,   Ann.    Soc.    Ent.    France 

pt  3  73   (1904)   488,  489,  540,  pi.  5,  fig.  7,  2  females  and  1  male. 

Vespa  luctuosa  var.  hizonensis  Bequaert,  Bull.  Mus.  R.  Hist.  Nat. 

Belgique  (28)   10  (1934)  4,  1  female. 

Specimen  examined. — Mindanao,  Surigao  Province  (C.  ¥. 
Baker).  The  specimen  from  Zamboanga,  which  I  listed  under 
bellicosa  in  1934,  was  of  the  var.  sem.peri. 

Although  very  rare  in  the  Philippines,  this  form  is  common 
in  Borneo,  Sumatra,  and  the  Moluccas.  It  is  also  reported  from 
Singapore. 

VESPA  luctuosa  var.   LUZONENSIS  BtquMTt. 

Vespa  luctuosa  var.  luzonensis  Bequaert,  Bull.  Mus.  R.  Hist.  Nat. 
Belgique    (28)    10    (1934)    5,  1  female,  Luzon. 

Specimens  examined. — Luzon,  holotype,  1  female,  without 
definite  locality  (Berlin  Mus.).  Also  several  paratypes  at  the 
Berlin  Museum,  labelled  "Philippines." 

So  far  as  known,  this  form  is  peculiar  to  the  Archipelago. 


THE  TREATMENT  OF  SCHISTOSOMIASIS  JAPONICA 
WITH  FUADIN  ^ 

By  Marcos  A.  Tubangui  and  Pantauson  J.  Aguha 
Of  the  Bureau  of  Science^  Manila 

Fuadin  (also  written  as  "fouadin'')^  has  been  employed  exten- 
sively in  Egypt  by  Khalil  and  his  co-workers (2,  4,  5)  along  with 
tartar  emetic  for  the  control  of  schistosomiasis  hsematobia  and 
schistosomiasis  mansoni.  Both  drugs  have  been  found  to  be 
effective,  but  fuadin  is  preferred  because  it  is  less  toxic  and  can 
be  injected  intramuscularly  without  producing  much  pain.  Ac- 
cording to  the  literature,  fuadin  has  not  yet  been  extensively 
tried  against  schistosomiasis  japonica,  which  is  considered  to 
be  more  dangerous  and  more  fatal  than  either  of  the  two 
Egyptian  types  of  parasitism.  For  this  reason  and  in  view  of 
the  fact  that  we  have  been  interested  in  finding  a  safe  but 
reliable  therapeutic  agent  for  the  control  of  Oriental  schistoso- 
miasis in  the  Philippines,  we  decided  to  test  the  drug  on  some 
cases  of  the  disease  which  we  encountered  during  an  epide- 
miological survey  in  Mindoro  Island  during  October,  1939. 

DOSAGE  AND  METHOD  OP  ADMINISTRATION 

The  standard  dose  of  40  cc  of  fuadin  recommended  by  Khalil 
and  Betache  (4)  was  given  to  each  adult  individual  weighing 
approximately  60  kilograms.  This  dose  was  divided  into  nine 
injections  and  administered  intramuscularly  into  the  buttocks, 
alternately  on  both  sides.  The  first  dose  was  1.5  cc  of  the 
solution,  the  second  3.5  cc  and  the  rest  5  cc  each.  The  first 
three  injections  were  given  at  daily  intervals,  the  rest  at  in- 

^  Aided  by  a  grant  from  the  National  Research  Council  of  the  Philip- 
pines, 

^The  drug  is  labelled  as  a  "brand  of  sodium  antimony  biscatechol 
disulphonate  of  sodium,  the  descriptive  name  of  which  is  Stibophen."  It 
is  prepared  as  a  clear,  isotonic  solution,  each  cc  containing  0.063  gram  of 
fnadin  (=  8.5  milligrams  of  trivalent  antimony). 

We  are  very  gratefully  indebted  to  Mr.  U.  von  Prittwitz,  the  manager 
of  the  Manila  Branch  of  the  Winthrop  Chemical  Company,  Incorporated, 
for  the  supply  of  fuadin  used  in  the  treatment  of  the  schistosomiasis  ja- 
ponica cases  recorded  in  this  paper. 
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tervals  of  two  days.    The  dosage  for  children  and  emaciated 
persons  was  reduced  proportionately  according  to  their  weights. 

UNTOWARD  EFFECTS  OF  THE  DRUG 

The  majority  of  the  cases  treated  lived  quite  far  from  our 
improvised  laboratory  in  Sitio  Borbocolon,  Naujan,  Mindoro, 
where  the  injections  were  given.  They  had,  therefore,  to  walk 
several  kilometers  before  and  after  receiving  an  injection.  Ex- 
cept in  the  case  of  two  male  individuals  who  were  weak  and 
emaciated,  the  patients  were  allowed  to  continue  with  their 
regular  occupations  during  the  course  of  the  treatment.  Our 
object  was  to  find  out  if  the  drug  can  be  safely  administered 
under  such  conditions  and  in  places  far  removed  from  hospitals. 
To  our  knowledge  not  a  single  patient  suffered  sufficiently  from 
any  toxic  effect  of  the  drug  to  need  special  attention.  The 
only  inconveniences  experienced  were  slight  headache,  transient 
rheumatic  pains  accompanied  with  fever,  and  in  a  few  cases 
nausea  and  vomiting.  These  symptoms  usually  appeared  fol- 
lowing the  first  or  second  injection.  After  the  sixth  or  seventh 
injection  some  of  the  patients  began  to  feel  the  beneficial  effect 
of  the  treatment. 

RESULTS  OF  THE  TREATMENT 

A  total  of  34  cases  received  injections  of  fuadin,  but  only 
19  completed  the  treatment.  Of  the  latter,  as  shown  in  Table 
1,  10,  52.6  per  cent,  were  apparently  cured.  The  success  of  the 
treatment  was  based  on  failure  to  find  schistosome  eggs  by  re- 
peated examination  of  the  faeces  after  the  last  fuadin  injection. 
In  several  cases  a  marked  improvement  in  the  physical  condition 
of  the  patient  was  very  noticeable  if  the  treatment  was  success- 
ful. In  some  individuals  the  lethal  effect  of  fuadin  on  the  schis- 
tosome parasite  was  not  noted  until  several  days  after  the  ad- 
ministration of  the  last  injection.  In  a  few  instances,  however, 
the  ova  of  the  parasite  disappeared  as  early  as  after  the  eighth 
injection  or,  if  present,  they  were  few  in  number  and  contained 
dead  miracidia.  One  female  patient  became  negative  by  fsecal 
examination  for  seven  days  after  the  last  injection,  but  was  again 
positive  when  examined  two  weeks  later.  This  was  probably  a 
case  of  relapse. 
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Table  1.  Results  of  a  complete  course  of  treatment  with  fuadin  on  19  in- 
dividuals affected  with  schistosomiasis  japonica. 


Patient. 

Age. 

Sex. 

Result  of  fffical  examination.  • 

> 

After  8th 
injection. 

One  day 
after  9th 
injection. 

Seven  days 
after  9th 
injection. 

Twenty 
days  after 
9th  injec- 
tion. 

G.  A.    _. 

58 
66 
38 
16 
39 
12 
30 
14 
19 
42 
20 
13 
25 
28 
19 
14 
22 
26 
17 

male 

--do- 

-.do- 

female — 
male 

-.do 

--do 

--do 

-.do 

--do 

female — 
male 

--do 

..do 

..do 

-.do 

..do 

female — 

.-do 

± 
-f 
-f 
4- 
+ 
+ 
■+- 
4- 
4- 

4- 

db 

: 

4- 
4- 
4- 

4- 
db 

rfc 

4- 
4- 
4- 
4- 
4- 

4- 

4- 

4- 
4- 
4- 

4- 

+ 
4- 
4- 
4- 
4- 

+ 
4- 

4- 

4- 
4- 
4- 
4- 
4- 

4- 
4- 

4- 
4- 

L.  O.  - 

J.V 

C.  V. 

M.  M..  . 

J.  C, 

N.  R 

S.  O. 

S.  G. 

C.  M.     . 

F.  V. 

P.  M.-  . 

E.  E. 

B.J.   .-. 

F.  V 

G.  I 

R.  A. 

T.  A 

P.C.     -   -- 

*  4->  positive  for  schistosome  eggs  ; 
miracidia. 


-,  negative  for  schistosome  eggs  ;  ±,  eggs  with  dead 


DISCUSSION 

The  results  of  our  treatment  compare  favorably  with  those 
obtained  at  the  Research  Insitute  of  the  Public  Health  De- 
partment of  Egypt  for  the  year  1934,  as  mentioned  by  Khalil.(3) 
In  China,  however,  Kan  and  Yao(l)  obtained  a  higher  per- 
centage of  cures;  namely,  68  per  cent,  against  our  52.6  per 
cent.  A  question  bound  to  be  asked  is  why,  if  the  drug  is  ef- 
fective, a  larger  number  of  cases  are  not  cured.  There  are 
two  possible  answers  to  this  question,  and  one  of  them  has  to 
do  with  the  fact  that  very  advanced  cases  of  schistosomiasis 
japonica,  where  the  function  of  the  liver  is  much  impaired  due 
to  extensive  cirrhotic  changes,  are  probably  beyond  the  capacity 
of  any  drug  to  cure.  In  our  series  there  were  two  such  cases, 
and  they  were  among  those  who  derived  no  apparent  benefit 
from  the  treatment.  The  other  reason  may  have  something 
to  do  with  the  recent  observations  of  Khalil,(3)  who  noted 
that  the  rapidity  and  degree  of  excretion  of  antimony 
from  the  body  vary  in  different  individuals,  and  that  this 
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variation  may  influence  the  therapeutic  efficiency  of  the  drug. 
There  are  persons  who  excrete  the  drug  so  rapidly  that  they 
need  to  be  given  repeated  courses  of  the  treatment  before  they 
can  be  cured.  On  the  other  hand,  there  are  individuals  who 
eliminate  the  drug  very  slowly  and,  if  given  the  usual  doses, 
are  liable  to  suffer  from  its  toxic  effects  and  may  even  die. 
Between  the  two  extremes  are  those  persons  who  eliminate 
the  drug  at  an  average  rate  and  for  whom  the  standard  course 
of  treatment  is  sufficient  to  bring  about  a  cure.  In  order, 
therefore,  to  obtain  better  and  more  uniform  results  and  to 
guard  against  accidents  that  may  be  brought  about  by  the  toxic 
effect  of  fuadin,  Khalil  suggests  that  the  dose  be  calculated, 
not  according  to  age  and  weight,  but  according  to  the  amount 
of  the  drug  that  can  be  retained  in  the  body  for  a  reasonable 
length  of  time.  For  this  purpose  he  recommends  the  so-called 
"Fouadin  test",  by  means  of  which  the  rate  of  excretion  of  the 
drug  in  the  urine  may  be  estimated  at  different  intervals  after 
the  first  injection.  In  the  treatment  of  our  cases,  however,  we 
were  not  able  to  perform  this  test  due  to  lack  of  time  and  fa- 
cilities. 

SUMMARY  AND  CONCLUSIONS 

1.  A  total  of  19  cases  of  schistosomiasis  japonica  were  given 
a  complete  course  of  treatment  with  fuadin.  Of  that  number, 
10,  52.6  per  cent,  were  apparently  cured.  Of  the  9  persons  who 
were  not  cured,  1  had  a  relapse  and  2  were  very  advanced  cases. 

2.  As  claimed  by  previous  workers,  the  drug  appears  to  be  of 
value  in  the  treatment  of  the  disease.  The  suggestion  of  Khalil 
that  the  dose  be  calculated,  not  according  to  the  age  and  weight 
of  the  patient,  but  according  to  his  ability  to  retain  the  drug  in 
the  body  during  a  reasonable  length  of  time,  should  be  given 
a  trial  in  order  to  see  whether  by  so  doing  the  percentage 
of  cures  can  be  increased. 
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SODA  PROCESS  FOR  PULPING  CANTON  FIBER 

By  Mariano  P.  Ramiro  and  Presentacion  A.  Estrada 
0/  the  Bureau  of  Science^  Manila 

Canton  (Musa  sp.)  resembles  Manila  hemp  {Musa  textilis) 
so  closely  that  the  fibers  of  the  two  are  often  difficult  to 
distinguish.  1  Canton  is  one  of  the  sturdiest  of  the  Musacese. 
It  stands  adverse  weather  better  than  Manila  hemp.  For  this 
reason  it  is  commonly  grown  in  hemp  (abaca)  plantations  as 
shade  2  for  abaca.  Locally  it  is  believed  that  this  plant  im- 
proves the  soil  and  tends  to  prevent  the  effects  of  drought 
on  abaca. 

Measurements  in  length  and  diameter  show  that  Canton 
compares  favorably  with  other  fibers  of  good  quality.  In  view 
of  these  characteristics  and  the  fact  that  canton  grows  easily, 
a  further  investigation  was  made  of  this  plant.  Accordingly, 
experiments  on  the  manufacture  of  pulp  and  paper  from  Can- 
ton fiber  were  carried  out.  The  results,  showing  that  good 
wrapping  paper  can  be  made  from  this  fiber,  are  given  in  this 
report. 

Canton  is  found  in  the  Bicol  region,  and  covers  extensive  areas 
in  Albay  Province  and  on  Catanduanes  and  Cagraray  Islands. 

On  account  of  its  poor  keeping  quality  and  relatively  lower 
tensile  strength  than  hemp,  stripped  Canton  fiber  has  no  special 
use  at  present  except  for  local  cordage  making.  In  many  plant- 
ations, however,  growers  strip  the  fiber  and  mix  it  indiscrim- 
inately with  Manila  hemp.  Since  the  quality  of  hemp 
adulterated  with  canton  is  reduced,  this  practice  is  rather  se- 

1  Manuel,  C.  Methods  for  disinguishing-  Canton  fiber  from  abaca.  Pro- 
gressive Farming  (4)   1    (1937)  123. 

Sherman,  H.  E.  Some  chemical  differences  between  abaca  and  canton 
fibers.     Philip.  Journ.  Agr.   1    (1930)    123. 

'Rivera,  Jose  Jr.  Partial  Survey  of  Camarines  Sur,  Albay,  and  Soi*- 
sogon  Provinces  Regarding  Canton,  Amokid,  Pacol  and  Other  Fiber- 
Producing  Plants.  Report  of  the  Traveling  Fiber  Inspector.  Philip.  Bur. 
Agr.   (1931). 
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rious,  especially  in  the  absence  of  practical  methods  to  ascertain 
readily  the  presence  of  Canton  in  a  bale  of  abaca  or  commer- 
cial fiber. 

Sherman  ^  investigated  Canton  and  reported  that  this  fiber, 
compared  with  abaca  of  the  same  stripping,  shows  a  lower 
tensile  strength  and  percentage  of  elasticity  but  a  higher  acid- 
ity and  percentage  of  ash. 

Measurements  of  Canton  fibers,  made  in  this  laboratory,  are 
given  in  Table  1,  which  also  includes  the  measurements  of 
other  fibers  as  reported  by  Fischer  and  Brown.^ 

Table  1. — Dimensions  of  Canton  and  some  other  fibers. 


length. 


Sample. 


Maxi- 
mum, 


Mini- 
mum. 


Average. 


Canton  {Mum  sp.) .  _  .  | 

Abaca  (Muaa  iextilis) \ 

Plantain   (Musa  mpienium  var.  pa-  ! 

radUiaea) ! 

Maguey  (Agave  cantula) . \ 

Cogon  gra^  (Imperata  exaltaia) 1 

Talahib      grass      (S€u:charum      spon-j 

taneum) -  -.^-^  - j 

Bamboo  {Bambusa  blumeana) l 

Dwarf  bamboo  (Bambusa  lumampao)  I 

Rice  straw  (Oryza  sativa) L 

Buri  palm  (Corypha  ekita)  -  _ ! 


mm.  imru 


6.80 
6.00 

7.30 
4.93 
1.82 

2.82 


4.10 


2.80 


2.63 
.3.08 

5.49 
2.38 
0.99 

1.59 
1.81 
2.57 
0.88 
2.11 


4.02 
2.45 

4.16 
1.00 
0.46 

0.80 


Diameter. 


Maxi-        Mini- 
mum,      mum. 


0.022  j     0.011 

0.021  i 


1.20 


1.10 


0.026 
0.026 
0.021 

0.020 


0.028 


0.015 


0.018 
0.005 
0.005 

0,012 


Average. 


0.0160 
0.0170 

0.0200 
0.0180 
0.0110 

0.0150 
0.0075 
0.0156 
0.0025 
0.0130 


As  shown  in  Table  1,  the  measurements  of  Canton  compare 
favorably  with  those  of  abaca  and  other  fibers. 

MATERIAL 

The  material  used  for  this  investigation  consisted  of  eight 
full-grown  stalks  obtained  from  Albay  Province  through  the 
courtesy  of  the  Director  of  Plant  Industry.  These  green  stalks 
were  16  months  old  and  about  6.5  feet  long.  They  consisted 
principally  of  water,  which  amounted  to  95  per  cent  of  the  total 
weight. 

The  sheaths  of  each  stalk  were  separated,  split  into  strips 
about  i  inch  wide,  and  dried  in  the  sun  for  three  weeks.  For 
the  estimation  of  the  various  chemical  constants  of  the  plant 

^  Sherman,  H.  E.  Some  chemical  differences  between  abaca  and  canton 
fibers.     Philip.  Journ.  Agr.  1    (1930)  123. 

*  Brown,  W.  H.  Minor  Products  of  Philippine  Forests.  1.  Bureau  of 
Printing,  Manila  (1920)  415. 
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about  two  pounds  of  the  air-dried  sheaths  were  shredded  and 
screened  to  render  the  sample  as  uniform  in  size  as  possible. 
The  portion  passing  a  40-mesh  screen  and  retained  on  a  60-mesh 
screen  was  used  for  the  analysis.  For  digestion  the  air-dried 
sheaths  were  cut  into  |  inch  lengths  so  they  could  be  conven- 
iently charged  into  the  autoclave. 

EXPERIMENTAL  PROCEDURE 

Analysis. — ^With  the  exception  of  the  lignin  determination 
the  analytical  methods  adopted  by  the  Technical  Association 
of  the  Pulp  and  Paper  Industry  -^  were  followed. 

It  was  observed  that  the  residue  of  a  sample  digested  with  72 
per  cent  sulphuric  acid  for  16  hours  was  difficult  to  filter 
through  an  alundum  crucible  (RA — 98).  By  increasing  the 
length  of  time  for  hydrolysis  from  16  to  24  hours,  however,  the 
lignin  was  satisfactorily  filtered,  indicating  that  the  cellulose  or 
nonlignous  bodies  in  canton  are  more  resistant  to  the  action 
of  the  acid  hydrolysis  than  materials  ordinarily  used  in  the  cel- 
lulose industry.  The  analysis  of  the  dried  stalk  of  the  Canton 
plant  is  recorded  in  Table  2. 

Table  2. — Analysis  of  the  stalk  of  the  Canton  plant. 

Constituents.  Per  cent. 

Extractives : 

Alcohol-benzene 7.71 

Alkali   (1  per  cent  NaOH) 35.82 

Cold  water  13.18 

Hot  water 1.34 

Pentosans   14.55 

Lignin   22.86 

Ash  5.21 

Total  cellulose  50.04 

Ash  in  cellulose  0.42 

Ash-free  cellulose  -  49.62 

Alpha  cellulose  in  stalk 43.63 

The  total  cellulose  content  of  Canton  is  somewhat  lower  than 
that  of  wood  ordinarily  used  in  paper  making.  The  alpha  cel- 
lulose content  is  also  low,  indicating  that  the  pulp  is  made  of 
components  soluble  in  17.5  per  cent  alkaline  solution. 

Canton  stalk  contained  an  unusually  high  percentage  of  ex- 
tractives and  pentosans. 

■Technical  Association  of  the  Pulp  and  Paper  Industry.  New  York 
(September  15,  1936). 
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Digestion, — The  digestion  of  the  dried  Canton  stalk  was  made 
by  means  of  the  soda  process  in  an  autoclave  of  5-liter  capacity. 
The  results  are  shown  in  Table  3. 

Table  3. — Digestion  of  Canton  stalk  by  the  soda  process. 


Sample. 


Sodium  hydroxide. 

Time  of 
digestion. 

Concentration. 

Amoun 

t  used. 
Gram$. 

Grama  per 

Per  cent. 

Liters. 

Hrt. 

liter. 

59.33 

5.93 

1.5 

89.0 

5.0 

47.46 

4.76 

1.6 

71.2 

5.0 

35.60 

3.63 

1.5 

53.4 

5.0 

27.60 

2.76 

2.0 

55.2 

8.0 

27.60 

2.76 

2.0 

55.2 

8.0 

26.70 

2.67 

2.0 

53.4 

7.5 

Temper- 
ature. 


Pulp  yield, 


oC. 


160 
160 
160 
160 
156 
160 


Per  cent. 

28.5 
29.9 
32.1 
33.4 
32.9 
32.8 


*  Three  hundred  fifty-six  grams  of  oven-dried  material  was  used  for  each  sample. 

Three  digestions  (samples  1,  2,  and  3)  were  made  to  study  the 
effect  of  the  concentration  of  chemicals  on  the  yield  and  quality 
of  the  pulp,  and  three  digestions  (samples  4,  5,  and  6)  were 
made  to  determine  the  effect  of  temperature.  Concentration, 
chemicals,  and  pulp  yield  were  calculated  on  the  basis  of  the 
oven-dry  weight  of  the  raw  material.  The  heat  was  gradually 
raised  from  room  temperature  to  the  maximum  limit  employed 
for  each  sample  and  maintained  constant  at  that  point  until  the 
end  of  the  digestion.  The  maximum  limits  for  the  various  sam- 
ples ranged  from  155  to  160 °C.  The  time  indicated  in  Table  3 
includes  an  hour  that  was  allowed  for  the  heat  to  reach  the 
maximum  temperature. 

Effect  of  alkali  concentration  and  temperature  on  pulp 
yield. — Compared  with  the  total  cellulose  in  Table  2,  the  pulp 
yield  on  digestion  (Table  3)  is  relatively  low,  indicating  that 
a  good  deal  of  the  available  fiber  in  Canton  dissolves  readily 
in  alkaline  pulping  solution  at  elevated  temperatures.  In  di- 
gesting the  material  with  a  liquor  concentration  of  59.33  grams 
per  liter  the  pulp  yield  is  low,  amounting  to  28.5  per  cent 
based  on  the  oven-dry  weight  of  the  stalk.  A  decrease  in  the 
alkali  concentration  from  59.33  to  27.6  grams  per  liter  gives 
a  corresponding  increase  in  the  pulp  yield  from  28.5  to  33.4 
per  cent.  It  appears,  therefore,  that  a  decrease  in  concentration 
of  1  gram  per  liter  gives  an  increase  in  pulp  yield  of  approx- 
imately 0.15  per  cent. 

Slight  variations  in  temperature  at  the  digestion  range  had 
little  effect  on  the  pulp  yield.    The  trivial  difference  in  pulp 
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yield  of  samples  4,  5,  and  6  (Table  3)  is  an  indication  that  a 
5°  change  in  the  cooking  temperature  (155  to  160°  C.)  is  insuf- 
ficient to  affect  the  results  of  digestion  to  any  appreciable 
extent. 

The  physical  properties  of  the  pulp.— After  digesting  the 
canton  stalks,  50  grams  of  the  resulting  pulp,  calculated  on  an 
oven-dry  basis,  was  hollandered  (beaten)  for  about  a  half  hour 
and  then  made  into  test  sheets.  These  sheets  were  prepared 
in  accordance  with  the  official  methods  of  the  Forest  Products 
Laboratory  at  Madison,  Wisconsin.  They  were  tested  for 
weight,  thickness,  and  bursting  strength.  The  results  are  given 
in  Table  4. 

Table  4. — Propertiei  of  test  sheets  prepared  from  Canton  pulp  hollan- 
dered for  a  half  hour. 


Sample. 


1 
2 
8 
4 

6 
6 


Concentra- 
tion of 
cooking 
solution. 

Ream 

weight 
(26X40 

inch. 

600). 

Thickntsf. 

Bursting 

strength. 

lbs.  per 

»q.  in. 

Burstlnc 

ratio. 

Gramt 

pti.  per  lb . 

per  liter. 

Ibi. 

inch. 

PU. 

per  ream. 

69.33 

46.5 

0.0042 

61 

1.34 

47.46 

63.7 

0.0046 

76 

1.43 

36.60 

39.9 

0.0038 

60 

1.51 

27.60 

49.6 

0.0043 

80 

1.62 

27.60 

46.6 

0.0041 

82 

1.66 

26.70 

43.3 

0.0041 

77 

1.70 

The  matting  quality  of  the  unbeaten  pulp  is  poor,  but  with 
a  30-minute  beating  it  can  be  formed  into  sheets  without  diffi- 
culty. Samples  of  the  pulp  were  analyzed  for  their  various 
constituents,  such  as  cellulose,  alpha  cellulose,  pentosans,  and 
lignin.  In  addition  their  bleach  requirements  were  also  tested. 
We  found  that  the  pulps  obtained  from  all  the  digestions  were 
difficult  to  bleach. 

A  gradual  decrease  in  the  concentration  of  the  cooking  solution 
caused  a  corresponding  increase  in  the  strength  of  the  pulp, 
provided  other  factors  were  maintained  constant.  The  increase 
in  strength  (bursting  ratio)  reached  1.51  points  per  pound  per 
ream  at  a  liquor  concentration  of  35.6  grams  per  liter  and  a 
total  volume  of  1.5  liters.  As  the  concentration  of  the  digesting 
solution  was  further  decreased  to  27.6  grams  per  liter,  with  a 
simultaneous  increase  in  volume  to  2  liters,  the  bursting  strength 
ratio  of  the  pulp  increased  correspondingly  to  1.62  points  per 
pound  per  ream  (Table  4,  experiment  4). 
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From  a  concentration  of  27.6  to  26.7  grams  per  liter  there 
was  an  increase  from  1.62  to  1.70  pounds  per  ream  in  the  burst- 
ing ratio.  This  decrease  in  concentration  amounts  to  0,9  gram 
per  liter  with  a  corresponding  decrease  in  time  of  digestion 
of  8  to  7.5  hours  (Table  3). 

On  the  celltdose  content  of  the  pulp. — ^The  effect  of  alkali 
concentration  on  the  total  cellulose  and  alpha  cellulose  contents 
of  the  pulps  is  relatively  small,  a  maximum  value  being  obtained 
when  the  concentration  of  the  cooking  liquor  is  27.6  grams  per 
liter  (Table  5,  experiment  5). 

In  Table  5  is  given  the  analysis  of  unbleached  Canton  pulp. 
These  results  compared  with  those  recorded  in  Tables  3  and 
4  show  that  the  total  cellulose  content  and  the  strength  quality 
of  the  pulp  are  not  affected  to  any  marked  extent  by  a  small 
variation  of  the  digestion  temperature.  In  the  light  of  this 
finding  it  may  be  inferred  that  a  small  variation  in  range  of 
digesting  temperature  produces  no  material  effect  on  the  yield 
and  quality  of  the  pulp. 

Table  5, — Analysis  of  unbleached  Canton  pulp. 


Sample. » 


Total 

Alpha 

cellulose. 

cellulose. 

Per  cent 

Per  cent. 

80.40 

67.2 

85.83 

69.4 

87.30 

68.6 

87.70 

70.3 

87.20 

69.8 

Lignin. 

Pentosans. 

P€r  cent. 

Per  cent. 

3.20 

6.4 

5.62 

6.4 

6.43 

8.4 

6.97 

6.7 

4.27 

8.6 

*  These  samples  were  the  same  as  those  recorded  in  Tables  2,  3,  and  4. 
Note. — Pulp  from  sample  4  was  not  analyzed. 

The  data  on  the  strength  ratio  of  test  sheets  of  paper  made 
from  unbleached  Canton  pulp  are  presented  in  Table  6.  This 
pulp  was  beaten  about  30  minutes.  The  results  show  that 
this  paper  is  comparable  in  strength  to  imported  brown  or 
wrapping  paper. 

Tablb  6. — Test  sheets  from  Canton  pulp  compared  with  a  commercial 

wrapping  paper. 


Sample. 


Canton 

Commercial. 


Ream 

weight 
(25X40- 

inch, 

500). 


168. 

46.3 
71.9 


Thickness. 


inch. 
0.0042 
0.0058 


Bursting 
strength, 
lbs. 


I.  per 
.in. 


pt8. 


Bursting 
ratio. 


pt8.  per  lb, 
per  ream . 
1.54 
1.07 
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SUMMAEY 

Canton  fiber  can  be  converted  into  pulp  by  the  soda  process. 
The  pulp  is  suitable  for  the  manufacture  of  strong*  unbleached 
paper. 

Soda  pulp  from  Canton  fiber  requires  a  large  amount  of  bleach 
to  get  the  color  to  a  medium  degree  of  whiteness. 

Sheaths  of  Canton,  properly  cut,  are  bulky,  requiring  a  rel- 
atively large  space  for  digestion. 

Concentration  of  the  cooking  solution  (sodium  hydroxide) 
shows  a  definite  effect  on  the  yield  and  quality  of  the  pulp. 
If  other  factors  are  maintained  constant,  the  pulp  yield  gen- 
erally increases  with  a  decrease  in  the  concentration  of  the 
cooking  liquor.  A  maximum  of  33.4  per  cent  based  on  the  oven- 
dry  weight  of  the  raw  material  being  attained  when  the  con- 
centration is  27.6  grams  per  liter. 

A  small  variation  in  the  cooking  temperature  from  155  to 
160°  C.  shows  no  material  effect  on  the  yield  and  quality  of  the 
pulp. 
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PREPARATION  AND  ANALYSIS  OF  RUN  MANILA  COPAL 

By  Carmen  Ll.  Intengan  and  Augustus  P.  West 
Of  the  Bureau  of  Science,  Manila 

THREE  TEXT  FIGURES 

Manila  copal  resin  is  obtained  from  a  tree  known  botanically 
as  Agathis  alba  (Lam.)  Foxw.  This  is  a  large  tree  that  grows 
in  the  Philippines  from  the  extreme  north  of  Luzon  to  the  south- 
ernmost islands  of  this  group.  The  copal  resin  is  contained  in 
the  bark  of  this  tree  and  oozes  out  whenever  the  tree  is  cut.  The 
resin  is  used  principally  for  making  high-grade  varnishes. 

This  paper  is  a  continuation  of  our  work  on  Philippine  resins. 
In  previous  reports  ^  methods  were  given  for  analyzing  and  re- 
fining Manila  copal.  It  was  found  to  consist  mostly  of  resin 
acids  together  with  some  terpenes,  resenes,  and  material  in- 
soluble in  alcohol. 

Soft  Manila  copal  is  not  soluble  in  drying  oils  such  as  lin- 
seed oil.  In  order  to  make  oil  varnishes  with  this  resin  it  is 
customary  to  heat  it  until  volatile  constituents,  such  as  water, 
terpenes,  and  decomposition  products  have  been  removed.  This 
heating  process  is  known  in  the  varnish  industry  as  running. 

Recently  we  had  occasion  to  prepare  some  samples  of  run 
copal.  In  order  to  ascertain  the  difference  in  the  composition 
of  the  copal,  before  and  after  running,  a  method  was  devised 
for  analyzing  the  run  copal.  Details  of  this  analytical  procedure 
and  results  showing  the  composition  of  natural  and  run  copal 
are  given  in  this  paper. 

Several  investigations  ^  have  indicated  that  some  of  the  acid.^ 
in  Manila  copal  are  dibasic.  When  the  resin  is  run  (heated) 
at  a  temperature  of  about  300  to  310  °  C,  to  remove  volatile 
constituents,  the  dibasic  acids  are  converted  to  monobasic,  thus 
reducing  the  acidity  of  the  copal.    Continued  heating  of  the 

'Tanchico,  S.  S.,  and  A.  P.  West,  Philip.  Journ.  Sci.  73  (1940)  259-283; 
G,  D,  Manalo  and  A.  P.  West,  ibid.  285-290. 

^  Wolff,  H.,  Farbenztg.  29  (1924)  2039;  P.  Horrmann  and  N.  Kroll, 
Arch.  Pharm.  265  (1927)  214;  L.  Ruzicka  and  J.  R.  Hosking,  Ann.  469 
(1929)   147. 
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copal  at  a  temperature  somewhat  above  310  °  C.  tends  to  convert 
the  monobasic  acids  into  hydrocarbons  as  follows: 

In  such  a  series  of  thermal  transformations  in  resins  there 
are  likely  to  be  side  reactions  that  may  yield  both  volatile 
and  nonvolatile  products. 

EXPERIMENTAL  PROCEDURE 

The  Manila  copal  used  in  this  investigation  was  kindly  pre- 
sented to  us  by  the  F.  E.  Zuellig  Company,  copal  dealers,  Ma- 
nila, and  consisted  entirely  of  the  soft  variety.  That  is,  except 
for  the  foreign  matter  and  gelatinous  material  contained  in  it, 
the  resin  was  soluble  in  alcohol.  Average  characteristic  sam- 
ples obtained  from  a  definite  location  were  powdered  finely  and 
the  powder  mixed  thoroughly  to  render  uniform  samples.  The 
copal  was  analyzed  in  accordance  with  a  method  devised  in  a 
previous  investigation^  (text  fig.  1). 

Manila  copal  resin  (1) 


Add 

alcohol 

etc.,  f 

:e  A 
copal 

liter. 

lify  with 
DistiU. 

al  solution 

Residue 
Insoluble 

Filtrai 
Soluble 

matter   (2) 

Sapoi 
KOH. 

1 

Distillate 

Resida 

Terpenes  (3) 

Extract  with 
petroleum  ether. 

4' 
Extract 

Resenes 

(4) 

Aqueous  solution 
HCl 

Resin  acids  (5) 

Fig.  1.  Analysis  of  Manila  copal. 
*Tanchico,  S.  S.,  and  A.  P.  West,  Philip.  Journ.  Sci.  73   (1940)  259-283. 
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After  the  composition  of  the  copal  was  ascertained  it  was 
run  as  indicated  in  Fig.  2. 

Manila  copal 


Heat  about  200  g  of  powdered 
copal  until  melted.  Keep 
temperature  at  300  to 
315"*  C,  for  about  5  hours 
to  remove  volatile  products. 
Pour  melted  copal  on  a 
porcelain  plate  and  allow 
to  stand  until  hard. 


Volatile  matter  Residue 

Water  Run  copal 

Terpenes 
Decomposition  products 

Fig.  2.  Preparation  of  run  Manila  copal. 

About  200  grams  of  the  powdered  resin  were  placed  in  a 
distilling  flask  which  was  then  connected  to  a  condenser.  The 
flask  was  gradually  heated  over  asbestos  wire  gauze  for  about 
1  to  1.5  hours,  depending  on  the  sample,  until  the  frothing  sub- 
sided and  the  melt  was  gently  boiling.  The  heating  was  then 
continued  at  a  temperature  of  about  300  to  315  ^  C.  for  about 
4  hours  longer  to  complete  the  running  process.  The  hot  liquid 
was  finally  poured  on  a  porcelain  plate  and  allowed  to  cool.  It 
was  then  broken  into  lumps  which  were  placed  in  a  bottle 
that  was  stoppered  securely  and  kept  in  a  dark  place. 

The  same  procedures  were  employed  to  determine  the  con- 
stants of  the  copal  both  before  and  after  running. 

Acid  number. — The  acid  number  is  ascertained  by  treating 
approximately  1  gram  of  the  powdered  copal  with  50  cubic  cen- 
timeters of  a  mixture  consisting  of  neutral  absolute  alcohol  and 
benzene  (25  cc  each)  and  titrating  directly  with  seminormal 
alcoholic  potassium  hydroxide  in  the  presence  of  phenolphthalein. 

Saponification  number, — For  the  determination  of  the  sa- 
ponification number  approximately  1  gram  of  powdered  copal 
is  treated  with  50  cubic  centimeters  of  absolute  alcohol,  and 
25  cubic  centimeters  of  seminormal  alcoholic  potassium  hydro- 
xide is  added.  The  mixture  is  heated  on  a  steam  bath  with  a 
reflux  condenser  for  2  hours.  The  solution  is  then  cooled  and 
the  excess  alkali  titrated  with  seminormal  sulphuric  acid  in 
the  presence  of  phenolphthalein. 


86 


The  Philivpine  Journal  of  Science 


1941 


Ester  number. — ^The  ester  number  is  the  difference  between 
the  saponification  and  acid  numbers. 

Data  on  the  constants  of  Manila  copal,  before  and  after  run- 
ning, are  given  in  Table  1. 

Table  1. — Constants  of  Manila  copal  before  and  after  running. 

The  copal  was  run    (heated)   at  800  to  315"  C.  for  5  hours. 


Smmpl©. 

Constants. 

Before  running. 

After  running. 

Saponifi- 
cation No. 

Add  No. 

Eater  No. 

Saponifi- 
cation No. 

Acid  No. 

Ester  No. 

85 _ 

188.66 
204.64 
171.56 
197.17 
163.85 
152.46 
209.47 
213.85 
217.15 
165.41 
184.58 

129.04 
123.23 
107.78 
125.53 
109.40 
109.94 
182.97 
140.82 
141.24 
106.45 
119.61 

59.62 
81.41 
63.78 
71.64 
69.45 
42.52 
76.60 
72.53 
75.91 
68.96 
64.97 

97.23 

108.18 

101.80 

95.50 

98.87 

73.11 

93.50 

125.52 

131.94 

102.96 

108.98 

83.55 
92.78 
76.83 
82.80 
78.92 
67.21 
71.15 
103.14 
108.93 
81.41 
88.44 

13.68 
15.40 
24.97 
12.70 
19.95 
5.90 
22.85 
22.88 
23.01 
21.55 
20.54 

86 - 

37                           - 

88      

89 -- 

40 _ 

60                    -- 

51      

52      - 

63 -- - 

54 

Note. — Samples  35,  36,  38,  and  50  were  obtained  from  Davao  Province  ;  39,  53,  and  54 
from  Palawan  Province;  37  from  Tayabas  Province;  40  from  Nueva  Ecija  Province;  51  and 
52  from  Surjgao  Province. 

As  shown  in  Table  1,  the  saponification,  acid,  and  ester  num- 
bers of  the  copal  were  decreased  very  considerably  by  the  run- 
ning process.  These  lower  acid  values  are  desirable  when  the 
copal  is  intended  for  making  oil  varnishes. 

Analysis. — Preliminary  experiments  were  carried  out  to  as- 
certain a  convenient  procedure  for  separating  the  constituents  in 
Manila  copal  that  has  been  run.  A  method  that  gave  satis- 
factory results  is  outlined  in  Fig.  3. 

The  powdered  run  copal  (50  grams)  is  treated  with  a  mixture 
consisting  of  equal  parts  (250  cc  each)  of  benzene  and  aldehyde- 
free  absolute  alcohol.^  The  mixture  is  heated  on  a  steam  bath 
for  about  a  half  hour  to  dissolve  the  resin. 

Ordinary  alcohol  contains  aldehydes  that  polymerize  to  form  resins. 
Aldehyde-free  absolute  alcohol  was  used  throughout  this  work  when 
sfticohol  was  required  as  a  solvent. 

Insoluble  matter. — If  much  insoluble  matter  is  present  the 
Heating  is  continued  for  about  two  hours  longer  or  until  all 


*Dunlop,  F.  L.,  Journ.  Am.  Chem.  Soc.  28  (1906)  397. 
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the  soluble  resin  is  apparently  dissolved.  The  mixture  is  then 
allowed  to  stand  overnight  to  facilitate  the  subsequent  filtra- 
tion. The  mixture  is  filtered  through  a  large  weighed  filter 
paper.  The  insoluble  matter  is  washed  with  the  benzene-alcohol 
mixture  and  the  filtered  washings  are  added  to  the  soluble  copal 
solution.  The  filter  with  the  insoluble  matter  is  allowed  to 
drain  on  layers  of  filter  paper,  after  which  it  is  dried  in  an 
oven  at  50  to  GC'C.  for  about  15  hours  or  longer  until  the 
Vveight  of  the  insoluble  matter  (2)  becomes  constant.  When 
much  residue  is  present  the  drying  may  be  facilitated  by  open- 
ing the  partly  dried  filter  and  spreading  the  residue  in  a  some- 
what thin  layer.  Use  of  a  vacuum  oven  also  hastens  the  drying. 
Soluble  copaL — The  filtrate  from  the  insoluble  matter  is  a 
benzene-alcohol  solution  that  contains  the  soluble  portion  of  the 
run  copal,  which  consists  of  thermal  constituents,  rescues,  and 


Run   copal    (1) 


To  powdered  run  copal  (50  g)  add  a  mixture  of 
benzene  and  aldehyde-free  absolute  alcohol  (250 
CO  each).  Warm  on  water  bath.  If  mixture 
contains  much  dirt,  allow  to  stand  overnight. 
Filter. 


i 

Residue 


Wash  with  alcohol-ben- 
zene and  dry  at  50- 
60 °C.  for  about  15  hours 
to  constant  weight. 


Filtrate  (soluble  copal) 

(Thermal  constituents) 

(Rescues) 

(Resin  acids) 


Dry  insoluble  matter  (2) 


Add  aldehyde-free  alcohol- 
ic KOH.  Heat  reflux  3 
hours.  Distill  off  I  ben- 
zene-alcohol. Add  hot 
water  and  steam  distill. 


i 

Distillate 
(Volatile  thermal  constituents) 


Extract  with  ether. 
Separate.  Dry  ether 
extract  with  anhy- 
drous NazSOd.  Fil- 
ter. Distill  off  ether- 
benzene.  Residue  is 
dried  at  40-50°C. 
for  about  3  hours  to 
constant   weight. 

Volatile  thermal  constituents  (3) 


Residual  mixture 

(Nonvolatile  thermal  constituents) 

(Resenes) 
(Potassium  salts  of  resin  acids) 


Fig.  3.  Analysis  of  run  Manila  copal. 
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Residual  mixture 

(Nonvolatile  thermal  constituents) 

(Resenes) 

(Potassium  salts  of  resin  acids) 


Filter. 


Residue 
(Nonvolatile  thermal 
constituents) 


Solution 
(Resenes) 
( Potassium  salts  of  resin  acids) 


Wash  with  water. 
Dry  to  constant 
weight  at  40-50  °C. 


{Nonvolatile 
thermal  constituents  (4) 


Extract  twice  with 
petroleum  ether 
(B.  P.  40°C.). 


I 
Petroleum  ether  extract 
(Resenes) 


Aqueous  solution 
(Potassium  salts  of  resin  acids) 


Dry  with  anhydrous 
NazSOi.  Filter. 
Distill  off  petro- 
leum ether.  Dry 
residue  at  40- 
50°  C.  to  constant 
weight. 


Resenes  (5) 


Steam  distill  to  re- 
move petroleum 
ether.  Cool.  Aci- 
dify with  con- 
centrated HCl. 
Filter.  Wash  re- 
sin acids  with 
water  till  free  of 
chlorides.  Drain 
on  paper  and  dry 
at  40-50 °C.  to  con- 
stant weight. 


Resin  acids   (6) 


Fig.  3.  Analysis  of  run  Manila  copal. — Continued. 

resin  acids.  Volatile  matter  is  expelled  from  the  copal  during 
the  running  (thermal)  process  and  the  new  substances  formed 
in  the  run  copal  we  called  thermal  constituents. 

Volatile  thermal  constituents, — The  benzene-alcohol  solution 
of  the  run  copal  is  treated  with  an  alcoholic  solution  of  potas- 
sium hydroxide  sufficient  to  neutralize  the  resin  acids  and  to 
saponify  any  saponifiable  material  contained  in  the  copal  solu- 
tion. The  constants  of  the  run  copal  suggest  the  required 
amount  of  alkali  to  be  used.  About  10  per  cent  excess  should 
be  employed.  After  the  addition  of  the  alkali  the  mixture  is 
boiled  (reflux)  for  about  3  hours  to  complete  the  saponification. 
About  half  the  solvent  is  then  removed  by  distilling.  The  re- 
sidue is  treated  with  hot  water  and  steam  distilled  for  about 
18  hours  until  the  distillate  no  longer  has  an  odor  of  volatile 


75,1  Intengan  and  West:  Run  Manila  Copal  89 

thermal  constituents — substances  produced  in  the  copal  during 
the  running  process  and  which  may  be  steam  distilled  from  the 
alkaline  solution. 

The  distillate  containing  the  volatile  thermal  constituents  is 
extracted  with  ether.  The  ethereal  extract  is  dried  with  an- 
hydrous sodium  sulphate,  filtered,  and  the  solution  distilled  on 
a  water  bath.  The  residue  is  then  dried  at  a  temperature  of  40 
to  50°  C.  for  about  3  hours  to  constant  weight.  This  process 
gives  the  volatile  thermal  constituents  (3)  separated  from  the 
run  copal. 

Nonvolatile  thermal  constituents, — After  the  volatile  thermal 
constituents  are  removed  by  distilling,  the  residual  solution  is 
filtered  to  get  the  insoluble,  nonvolatile,  thermal  constituents. 
These  are  washed  with  a  small  amount  of  water  and  the  aqueous 
washings  added  to  the  solution  containing  the  resenes  and  po- 
tassium salts  of  resin  acids.  The  filter  containing  the  non- 
volatile thermal  constituents  is  drained  on  layers  of  filter  paper 
and  then  dried  for,  perhaps,  several  days  at  a  temperature  of 
40  to  50 °C.  to  constant  weight.  The  nonvolatile  thermal  con- 
stituents (4)  are  thus  obtained. 

Resenes, — The  solution  containing  the  resenes  and  potassium 
salts  of  resin  acids  is  extracted  tvsrice  with  petroleum  ether 
(B.  P.  40°C.).  The  petroleum  ether  extracts  are  combined 
and  dried  with  anhydrous  sodium  sulphate  and  filtered.  The 
petroleum  ether  is  then  removed  by  distilling  and  the  residue 
dried  at  a  temperature  of  40  to  50  ""C.  to  constant  weight.  The 
product  represents  the  resenes  (5). 

Resin  acids  {€), — The  aqueous  solution  containing  the  potas- 
sium salts  of  resin  acids  is  steam  distilled  to  remove  petroleum 
ether.  It  is  then  cooled  to  room  temperature  and  acidified 
with  concentrated  hydrochloric  acid  to  precipitate  the  resin 
acids.  The  acids  are  removed  by  filtering  and  washed  with 
water  until  free  of  chlorides.  The  filter  containing  the  acids 
is  then  drained  on  layers  of  filter  paper.  The  residue  is  finally 
dried  for  some  days  at  a  temperature  of  40  to  50° C.  to  constant 
weight,  giving  resin  acids  (6). 

This  method  of  analysis  enables  us  to  separate  the  run  copal 
into  its  various  constituents  consisting  of  insoluble  matter,  ther- 
mal constituents,  resenes,  and  resin  acids. 

A  sample  of  Manila  copal  from  Palawan  Province  was  run 
at  a  temperature  of  300  to  315°C.  for  5  hours.  The  constants 
and  analysis  of  this  copal,  before  and  after  running,  are  given 
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in  Table  2.  Also  included  are  the  constants  of  the  resin  acids 
from  the  natural  and  run  copal.  Similar  results  are  given  in 
Table  3. 

Table  2. — Composition  of  raw  Manila  copal  before  and  after  running. 


Constanta  and  analysis. 


Constants: 

Saponification  No.. 

Add  No 

Eater  No 


Analysis: 

Insoluble  matter 

Terpenes 

Resenes _ 

Thermal  constituents: 

Volatile- 

Nonvolatile 

Resin  acids 

Water  (by  difference).. 


TotaL. 


Constants  of  resin  acids: 
Saponification  No.._. 

Acid  No 

Ester  No 


Copal. 


Before 
running. 


170.90 

108.89 

62.01 


0.70 

15.03 

7.50 


74.55 
2.22 


177.67 

144.31 

33.36 


After 
ntnning. 


99.80 
80.81 
19.49 


0.56 


9.48 

10.44 

3.65 

74.71 


98.84 


108.65 
88.95 
19.70 


Notes. — The  copal  was  run    (heated)   at  300  to  315°   C.  for  5  hours.     The  sample  before 
runniTi.tr  was  soft  copal,   not  refined,   from  Palawan  Province, 


Table  3. — Compoaition  of  Manila  copal  before  and  after  running. 


Copal. 

Constants  and  analysis. 

Before 
running. 

After 
running. 

Constants: 

Saponification  No 

178.83 

115.85 

62.98 

102.25 
84.19 
18,06 

Acid  No 

Ester  No 

Analysle: 

Terpenes , . 

12.65 
5.27 

Resenes 

7.06 

9.45 

2.50 

80.51 

Thermal  constituents: 

Volatile 

Nonvolatile 

Resin  acids 

80.64 

Total 

98.56 

99.52 

Notes. — The  copal  was  run   (heated)   at  800  to  315°   C.  for  5  hours.     The  sample  before 
runninff  waa  i-efiii«d  eopaJ  that  contained  no  insoluble  matter. 
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The  process  of  running  not  only  gave  a  decided  decrease  in 
all  the  constants,  but  also  made  a  marked  difference  in  the  com- 
position of  the  copal  The  terpenes  and  water  in  the  natural 
copal  were  removed  by  running  but  the  insoluble  matter  and 
resenes  were  not  greatly  affected.  Running  did  not  appreciably 
change  the  amount  of  resin  acids  in  the  copal  However,  the 
nature  of  the  acids  was  affected  considerably,  as  shown  by  the 
reduction  in  the  acid  number. 

During  the  running  (thermal  processing)  of  the  copal  new 
substances  are  formed  in  the  run  copal  As  we  have  not  yet 
identified  these  substances  we  designated  them  by  the  term 
"thermal  constituents.'*  They  are  of  two  kinds,  volatile  and 
nonvolatile.  The  volatile  may  be  steam  distilled  from  the  al- 
kaline solution,  while  the  nonvolatile  remains  behind.  These 
thermal  constituents  were  probably  the  result  of  thermal  side  re- 
actions that  occur  during  the  running  process. 

The  analyses  of  two  more  samples  of  run  copal  are  given 
in  Table  4.  These  data  are  similar  to  those  for  the  run  copal 
in  Tables  2  and  3. 


Table  4. — Composition  of  run  copal. 


Composition. 


Sample. 


Insoluble  matter 

Reeenes 

Thermal  constituents: 

Volatile 

Nonvolatile 

Resin  acids.. , 


TotaL. 


1        ^3. 

54. 



0.41 

9.00 

9.93 

1.51 

78.59 

8.13 

10.03 

2.30 

78.33 

99.44 

98.79 

KoTEfl. — Sample  54  was  obtained  by  running  a  refined  copal  that  contained  no  insoluble 
matter.    The  constants  of  these  samples,  both  before  and  after  running,  are  given  in  Table  1. 

In  Table  5  is  given  a  comparison  of  the  amount  of  thermal 
constituents  developed  in  four  samples  of  Manila  copal  during 
the  running  process*  These  data  were  compiled  from  the  re- 
sults presented  in  Tables  2,  3,  and  4. 

The  amount  of  volatile  thermal  constituents  formed  during 
the  running  process  varied  from  9.45  to  10.44  per  cent,  while 
the  nonvolatile  varied  from  1.51  to  3.65  per  cent.  This  varia- 
tion is  probably  due  to  somewhat  irregular  heating  during  the 
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running  process.     Differences  in  the  composition  of  the  natural 
copal  before  running  may  also  influence  the  results. 

TABLE  5. — Comparison  of  thermal  constituents  developed  in  run  copal. 


Thermal  constituents. 

Tables. 

2. 

3. 

4. 

Volatile. - 

Per  cent. 
10.44 
3.65 

Per  cent, 
9.45 
2.50 

Per  cent. 
9.93 
1.51 

Per  cent. 

10-03 

2.30 

Nonvolatile __       ___ 

Total 

14.09 

11.95 

11.44 

12.33 

Note. — These  data  were  compiled  from  Tables  2,  3,  and  4. 


SUMMARY 

Manila  copal  is  a  resin  that  is  used  principally  for  making 
high-grade  varnishes.  It  is  obtained  from  the  bark  of  Agathis 
alba  (Lam.)  Foxw. 

Soft  Manila  copal  is  not  soluble  in  drying  oils.  In  order  to 
make  oil  varnishes  with  this  resin  it  is  customary  to  heat  it  to 
remove  volatile  constituents  and  decomposition  products.  This 
heating  (thermal)  process  is  known  in  the  varnish  industry 
as  running. 

In  order  to  ascertain  the  difference  in  the  composition  of  the 
copal,  before  and  after  running,  a  method  was  devised  for  ana- 
lyzing the  run  copal.  Details  of  this  analytical  procedure  are 
given  in  this  paper. 

The  constants  of  the  copal  were  determined  both  before  and 
after  running.  The  saponification,  acid,  and  ester  numbers  were 
decreased  very  considerably  by  the  running  process.  These 
lower  acid  values  are  desirable  when  the  copal  is  intended  for 
making  oil  varnishes. 

The  copal  was  analyzed  both  before  and  after  running.  As 
a  result  of  the  running  process  the  terpenes  and  water  in  the 
fresh  copal  were  eliminated.  The  insoluble  matter  and  rescues 
were  not  greatly  affected.  The  running  did  not  appreciably 
change  the  amount  of  resin  acids  in  the  copal.  However,  the 
nature  of  the  acids  was  affected  considerably  as  shown  by  the 
reduction  in  the  acid  number. 

During  the  running  (thermal  processing)  of  the  copal  new 
substances  are  formed  in  the  run  copal.    As  we  have  not  yet 
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identified  these  substances  we  designated  them  by  the  term 
''thermal  constituents.''  They  are  of  two  kinds,  volatile  and 
nonvolatile.  The  volatile  may  be  steam  distilled  from  alkaline 
solution  while  the  nonvolatile  remain  behind. 

Four  samples  of  the  run  copal  were  analyzed.  The  amount 
of  the  thermal  constituents  in  these  samples  varied  from  9.45 
to  10.44  per  cent  for  the  volatile  and  1.51  to  3.65  per  cent  for 
the  nonvolatile. 

We  expect  to  investigate  different  thermal  constituents  which 
are  gradually  formed  during  the  running  (thermal)  process. 
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BOOKS 

Books  reviewed  here  have  been  selected  from  books  received 
by  the  Philippine  Journal  of  Science  from  time  to  time  and  ac- 
knowledged in  this  section. 

REVIEWS 

Careers  in  the  Mineral  Industries;  a  Vocational  Booklet  for  Use  in  Sec- 
ondary Schools,  By  Thomas  T.  Reed.  Published  by  the  American 
Institute  of  Mining  and  Metallurgical  Engineers  through  the  Seeley 
W.  Mudd  Memorial  Fund.  1st  rev.  ed.  New  York,  1939.  32  pp., 
Price,  paper,  $0.25. 

This  pamphlet,  presented  in  question  and  answer  form,  gives 
the  scope  of  the  different  careers  in  the  mineral  industries.  It 
points  out  how  courses  leading  to  these  careers  can  be  pursued 
with  advantage ;  what  it  costs  to  pursue  these  courses ;  and  what 
opportunities  await  one  in  these  fields  after  graduation.  It 
lists  the  American  colleges  and  schools  offering  curricula  in  min- 
eral technology.  The  pamphlet  is  primarily  intended  to  guide 
vocational  councellors  and  advisers,  principals,  and  teachers 
called  upon  to  help  young  people  plan  a  career  in  the  mineral 
field.  It  is  invaluable  in  that  it  presents  facts  about  these 
careers  in  a  concise  and  convenient  manner. — ^R.  T.  S. 

Audels  Diesel  Engine  Manual.  By  A.  B.  Green  and  R.  A.  ZoeUer.  New 
York,  Theo.  Audel  &  Co.    854  pp.,  illus.    Price,  $2. 

The  Audels-Diesel  engine  manual  is  a  practical  and  concise 
treatise  dealing  with  the  theory  and  practical  operation,  main- 
tenance, construction,  and  repair  of  modern  Diesel  engines,  with 
profuse  illustrations. 

This  book  is  based  on  wide  experience  on  the  part  of  the 
authors  in  servicing  and  operation.  It  is  an  essential  guide 
for  those  who  are  interested  in  acquiring  a  general  knowledge 
about  the  fundamental  and  operating  principles  of  high  speed 
Diesel  engines  and  semi-Diesel  engines,  including  practical 
pointers  on  operation,  inspection,  maintenance,  and  repair  of 
both  four-stroke  and  two-stroke  cycle  Diesel  engines.  It  is  very 
helpful  to  students,  owners,  operators,  mechanics,  salesmen,  and 
engineers. — B.  R.  D. 
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Poultry  Practice.  By  Leland  Bushnell  with  the  Collaborations  of  Edwin 
J.  Frick,  Marvin  J.  Twiehaus,  and  others.  Chicago,  Veterinary  mag- 
azine corporation,  1940.     160  pp.,  illus.     Price,  |1. 

The  articles  in  this  book  were  published  in  the  past  issues 
of  Veterinary  Medicine,  but  I  came  to  appreciate  the  value 
of  the  correlated  subjects  as  a  whole  only  when  I  read  them  again 
in  book  form.  Although  the  book  begins  and  ends  by  challenging 
the  veterinary  profession  on  the  high  rate  of  poultry  mortality 
and  the  control  of  diseases,  it  contains  valuable  scientific  infor- 
mation for  the  veterinarian  on  poultry  problems.  It  contains 
papers  from  many  outstanding  investigators  on  the  subject,  and 
undoubtedly  will  prove  helpful  to  those  interested  in  advancing 
the  poultry  industry.  Aside  from  the  broad  subjects  it  deals 
with,  like  poultry  management,  sanitation,  breeding  and  nutri- 
tion, it  emphasizes  the  common  poultry  diseases  and  parasites, 
together  with  the  known  methods  of  control,  treatment,  and 
eradication. 

Included  in  the  collection  is  the  role  played  by  the  avian  em- 
bryo, as  a  valuable  aid  in  the  study  of  diseases  and  in  the  prep- 
aration of  vaccine,  as  well  as  avian  surgery,  which  is  of  interest 
to  veterinary  practitioners.  Indeed,  this  book  should  prove 
highly  useful  to  practitioners  who  should  be  aroused  to  take  a 
deep  interest  in  serving  the  poultry  industry  as  they  serve  other 
branches  of  animal  husbandry.  It  gives  the  layman  a  graphic 
picture  of  the  veterinary  profession  and  thus  enables  him  to 
avail  himself  of  the  services  of  a  skilled  veterinarian. — B.  B.  B. 

The  Autobiography  of  an  Egret.  By  E.  A.  Mcllhenny.  New  York,  Hast- 
ings house,  1939.    58  pp.,  illus.     Price,  |2. 

This  little  book  portrays  the  life  history  of  the  American 
egret  in  the  form  of  an  autobiography.  Beautiful  photographs 
taken  from  life,  some  of  which  must  have  been  extremely  diffi- 
cult and  risky  to  take,  are  presented  in  a  sequence  that  describes 
almost  all  the  phases  of  the  life  of  this  bird.  The  text  is 
written  in  simple  language  that  makes  it  easy  reading  even 
for  children.  This  book  should  be  included  in  the  collection 
of  every  lover  of  nature  and  every  children's  library. — C.  G.  M. 

The  Story  of  the  Plant  Kingdom.  By  Merle  C.  Coulter.  Chicago,  The 
University  of  Chicago  press,  1940.    270  pp.,  illus.    Price,  $2.50. 

This  work,  consisting  of  20  chapters,  with  numerous  illus- 
trations and  footnotes,  presents  the  essentials  of  botanical  science 
in  a  very  simple  and  convenient  manner  by  minimizing  the  use 
of  the  very  technical  and  detailed  terminology  that  is  quite 
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common  to  most  textbooks  in  botany,  and  thus  gives  the  subject 
matter  much  interest  for  a  beginner  in  botany.  The  presenta- 
tion of  brief  but  coherent  sketches  of  the  plant  kingdom,  fol- 
lowed by  an  analytical  study  of  the  functions  and  environmental 
relationships  of  living  organisms,  makes  the  text  wholesome 
reading  that  will  surely  be  of  great  use  to  teachers  in  our  high 
schools. — J.  B.  J. 

Accepted  Foods  and  Their  Nutritional  Significance.  Compiled  by  the 
Council  on  Foods  of  the  American  Medical  Association,  Chicago. 
492  pp.    Price,  $2. 

This  book  gives  an  account  of  the  satisfactory  food  products 
submitted  to  the  Council  on  Foods  of  the  American  Medical  As- 
sociation. General  classes  of  foods  are  listed  as  follows:  Fats, 
oils,  and  their  products;  fruit  juices;  canned  and  dried  fruits 
and  fruit  products;  grain  and  grain  products;  infant  foods; 
meat,  fish,  and  sea  foods;  milk  and  milk  products;  sugars  and 
syrups;  vegetables;  beverages,  coffee,  tea,  and  the  like;  and 
flavoring  extracts. 

This  publication  is  a  handy  reference  manual  of  interesting 
and  instructive  information  on  the  composition  and  calorific 
value  of  foods.  It  explains  the  rules  and  regulations  pertaining 
to  the  composition  and  advertising  of  foods  as  adopted  by  the 
Council. 

Numerous  analyses  of  foods  and  food  products  are  recorded. 
Most  of  these  reports  have  the  common  food  determinations 
(ash,  fat,  nitrogen,  and  other  elements),  but  are  lacking  in  the 
important  vitamin  constituents.  However,  the  mineral  con- 
tents (calcium,  phosphorus,  and  iron)  of  a  number  of  fruits  and 
vegetables  are  included. 

This  volume  will  serve  as  a  valuable  addition  to  the  library 
of  anyone  interested  in  nutrition,  the  chemistry  of  foods,  and  the 
medical  rules  and  regulations  pertaining  to  the  food  industry. 

~A.   P.   W. 

Medical  Education  in  the  United  States  1934-1939.  Prepared  for  the 
Council  on  Medical  Education  and  Hospitals  of  the  American  Med- 
ical Association.  By  Herman  G.  Weiskotten  and  others.  Chicago, 
American  Medical  Association,  1940.    259  pp.,  illus.    Price,  fl. 

This  book  contains  an  extensive  and  comprehensive  report 
prepared  for  the  Council  on  Medical  Education  and  Hospitals 
of  the  American  Medical  Association  by  a  committee  composed 
of  two  medical  school  deans,  the  Secretary,  and  a  member  of 
the  Council,  and  gives  the  result  of  a  survey  made  of  sixty- 
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six  medical  schools  in  the  United  States  during  1934  and  1935 
together  with  developments  up  to  1939,  The  sources  of  infor- 
mation were  :  (1)  the  answers  of  deans  to  a  set  of  questionaires 
sent  out  by  the  Council,  (2)  the  result  of  visits  by  the  Chairman, 
Doctor  Weiskotten,  and  "companion,"  and  (3)  in  many  instance.^, 
catalogs,  laboratory  outlines,  and  other  literature  dealing  with 
the  conduct  of  courses.  The  report  is  mainly  a  factual  exposi- 
tion and  summary  of  the  results  of  the  survey,  and  neither 
makes  comments  on,  nor  publishes  the  evaluation  of,  any  partic- 
ular medical  school  or  department.  Under  separate  and  well-ap- 
portioned chapters  the  report  describes  the  committee's  findings 
regarding  the  organization  and  administration  of  the  sixty-six 
medical  schools,  their  educational  programs,  instructional  per- 
sonnel, library  and  clinical  facilities,  as  well  as  student  and 
financial  administration.  It  has  also  separate  chapters  dealing 
with  each  of  the  preclinical  and  clinical  departments  of  the  va- 
rious medical  schools,  especially  contrasting  the  conditions  found 
in  the  ten  highest  and  the  ten  lowest  ranking  departments,  the 
evaluation  having  been  based  on  physical  facilities,  personnel, 
educational  program,  and  research  and  scientific  interest. 

The  facts  and  comments  of  the  survey  report  should  be  in- 
teresting and  instructive  to  administration  officers  of  universi- 
ties and  medical  schools,  to  their  agencies  such  as  the  committee 
on  admission,  on  promotion,  on  catalog  and  curriculum,  and 
to  heads  of  departments. — ^E.  B. 

Medicolegal   and   Industrial    Toxicology.    By    Henry   J.    Eilmann.    Phil- 
adelphia,  The   Blakiston   Company,   1940.    324   pp.    Price,   $3. 

This  small  volume,  which  is  divided  into  five  parts,  such  as 
I)oisons  and  drugs,  criminal  investigations,  medicolegal  exam- 
inations of  miscellaneous  nature,  industrial  poisoning,  and  oc- 
cupational diseases,  is  a  useful,  important,  and  valuable  guide  to 
medicolegal  oflScers  and  coroners,  health  and  industrial  physi- 
cians, lawyers,  insurance  adjustors,  forensic  toxicologists,  lab- 
oratory experts,  and  tnany  others.  The  chemical  composition, 
physical  and  chemical  properties,  toxic  effects,  symptoms, 
postmortem  signs,  isolation,  and  chemical  detection  of  the  com- 
mon industrial  and  occupational  poisons  and  poisonous  drugs, 
are  briefly  but  adequately  described.  The  sensitivity  limit  of 
the  detection  of  hydrocyanic  acid  or  cyanides  by  the  prussian 
blue  test  as  performed  and  reported  by  the  author  is  1 : 5,000,000 
dilution,  which  is  100  times  more  than  the  reported  and  generally 
accepted  concentration. 
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The  simple  methods  of  determining  blood,  seminal,  and  other 
stains,  fibers  and  hairs,  and  arson  chemicals ;  and  the  detection 
and  determination  of  death  by  strangulation,  throttling,  hang- 
ing, choking,  drowning,  and  many  other  cases  connected  with 
criminal  investigations  are  reasonably  presented.  The  discus- 
sion and  presentation  of  every  subject  contained  in  this  book 
emphasize,  however,  its  applications  to  our  Workmen's  Com- 
pensation Law,  Act  No.  3428  as  amended,  and  to  our  Employers' 
Liability  Law,  Act  No.  1874,  both  of  which  prescribe  and  reg- 
ulate the  compensation  for  employees  and  the  responsibilities 
of  employers  in  cases  of  personal  injury  and  death. — G.  Q.  Q. 

The  Malarial  Therapy  of  General  Paralysis  and  Other  Conditions.  By 
William  H.  Kupper.  Ann  Arbor,  Michigan,  Edwards  Brothers,  In- 
corporated, 1939.     155  pp.     Price,  §2.25. 

The  author,  formerly  resident  physician  of  the  Florida  State 
Hospital,  draws  upon  his  experience  in  this  comparative  study 
of  malarial  therapy.  His  own  personal  cases  are  not  many, 
but  they  form  a  useful  supplement  to  the  study  which  he  makes 
of  the  results  of  other  workers  in  the  same  field. 

The  most  important  chapters  are  those  in  which  he  traces 
the  development  of  the  therapy  and  those  in  which  he  describes 
the  different  aspects  of  the  therapy.  His  remarks  about  the 
gaps  in  our  knowledge  of  syphilitic  infection  are  particularly 
thought  provoking,  especially  with  the  recent  revival  of  theories 
concerning  a  possible  exogenous  stage  in  the  life  cycle  of  T, 
pallidum,  possibly  in  an  insect.  The  theory  goes  back  to 
Schaudinn  over  thirty  years  ago,  and  was  revived  by  McDonagh 
in  1915.  Are  the  causative  organisms  of  syphilis,  yaws,  ma- 
laria, leprosy,  and  relapsing  fever  closely  related?  Suggestive 
evidence  is  not  lacking.  The  Wasserman  reaction  is  more  con- 
sistently given  by  these  five  diseases  than  any  other,  a  life  cycle 
analogous  to  the  life  cycle  of  the  Plasmodia  has  been  reported, 
and  finally  the  remissions  obtained  with  malarial  therapy  do 
not  seem  to  depend  on  the  production  of  the  fever  alone. 

The  discussion  of  the  malarial  therapy  of  general  paralysis 
is  comprehensive.  The  indications  and  contraindications,  the 
different  methods  of  inoculation,  the  advantages  and  disadvan- 
tages of  mosquito  over  syringe  inoculation,  the  course,  symptom- 
atology, complications,  and  prognosis  are  described.  Of  par- 
ticular importance  are  the  notes  on  the  management  of  the 
course,  the  counting  of  parasites,  and  the  treatment  of  untoward 
symptoms.     Typical  and  useful  case  histories,  temperature  rec- 
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ords,  tables,  and  charts  are  appended.  The  statistics  of  dif- 
ferent investigators  are  included.  From  them  the  reader  can 
get  an  illuminating  idea  about  the  work  being  done  in  this 
specialty,  the  failures  and  successes,  the  obstacles  already  sur- 
mounted, and  the  problems  that  remain  to  be  solved. — A.  B.  R. 

The  Diagnosis  and  Treatment  of  Pulmonary  Tuberculosis.  By  John  B. 
Hawes  and  Moses  J.  Stone.  2d.  ed.,  rev.  by  Moses  J.  Stone,  with  a 
foreword  by  Richard  C.  Cabot.  Philadelphia,  Lea  &  Febiger,  1940. 
260  pp.,  illus.    Price,  $2.75. 

The  title  of  this  book  might  as  well  have  been  * 'Essentials  in 
Pulmonary  Tuberculosis."  It  is  a  good  manual  for  the  lung 
specialist  but  is  altogether  too  brief  for  the  beginner.  The  chap- 
ters on  history  taking,  symptomatology,  physical  examination, 
and  differential  diagnosis  will  readily  appeal  to  the  medical 
man  who  has  had  hospital  and  teaching  experience,  but  may 
fall  short  of  the  needs  of  the  physician  at  large  who  has  lost 
contact  with  his  college  or  hospital  since  his  graduation  days. 
The  discussion  on  collapsotherapy,  particularly  pneumothorax, 
is  too  brief  to  be  of  much  value  to  the  practitioner  who  wants 
to  be  informed  of  the  actual  technique.  This  part  of  the  book 
might  have  been  expanded  at  the  expense  of  chapters  on  helio- 
therapy, mental  aspects  of  the  tubercular,  and  rules  for  clinic 
procedures.  The  question  of  diet  in  tuberculosis  is  well  pre- 
sented as  sensible  and  timely  advice  against  the  prevalent 
practice  of  indiscriminate  overfeeding. 

As  a  whole  the  authors  should  be  commended  on  their  effort. 
They  have  brought  into  the  world  a  worthwhile  contribution 
to  medical  science,  particularly  on  the  subject  of  tuberculosis. 
This  book  should  be  added  to  the  collection  of  every  medical 
man  and  every  medical  library. — ^W.  V. 

Blue  book  of  the  inauguration  of  the  Commonwealth  of  the  Philippines  and 
the  induction  into  office  of  Manuel  L.  Quezon,  1st  president  of  the 
Philippines,  and  Sergio  Osmeiia,  1st  vice  president  of  the  Philippines. 
Manila,  November  15,  1935.  239  pp.,  illus,,  plates,  ports.,  map.  Price, 
M;  postage,  M.20. 

COIXINGWOOD,  G.  H.  Knowing  your  trees.  Washington,  D.  C,  The  Amer- 
ican forestry  association,  1937.     109  pp.,  illus.    Price,  |1. 

Kauppman,  Erle.  Kingdom  of  the  trees.  Chicago,  Reilly  and  Lee,  1940. 
122  pp.,  illus.    Price,  $2. 

KUPPBR,  William  H.  Malarial  therapy  of  general  paralysis  and  other 
conditions.  Ann  Arbor,  Michigan,  Edwards  Brothers,  1939.  155  pp., 
tables,  charts,  illus.     Price,  $2.25. 
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Levison,  Jacob  J.  The  home  book  of  trees  and  shrubs.  With  an  intro- 
duction by  Samuel  J.  Record.  New  York,  Simon  and  Schuster,  1940. 
424  pp.,  front.,  illus.     Price,  $5. 

Our  government:  what  it  is  doing  for  us.  Manila,  Bureau  of  Printing, 
November   15,   1940.     168   pp.,  illus.     Price,  i^O.SO. 

Saunders,  L.  H.  Vegetable  growing  in  the  tropics.  London,  Oxford  uni- 
versity press,  1940.     120  pp.     Price,  3s/6d. 

Vitamin  E.  A  symposium  held  under  the  auspices  of  the  Food  Group 
(Nutrition  Panel)  of  the  Society  of  Chemical  Industry  on  Saturday, 
April  22d,  1939,  at  the  School  of  Hygiene  and  Tropical  Medicine, 
Keppel  Street,  London,  W.  C.  1,  England.  New  York,  Chemical  pub- 
lishing CO.,  inc.,  1940.     88  pp.,  illus.     Price,  $2. 
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The  present  contribution  is  the  result  of  further  studies  on 
the  chemotherapy  of  surra.  From  the  literature  reviewed  it 
appears  that  Bubberman,  Douwes,  and  van  Bergen  (4)  were  the 
first  workers  to  investigate  extensively  the  value  of  naganol 
in  combination  with  either  atoxyl  or  tartar  emetic  or  both 
against  equine  surra  in  the  Dutch  East  Indies.  Fractional 
small  and  single  large  doses  at  various  intervals  were  tried. 
At  best  the  results  obtained  were  noted  with  naganol  and  atoxyl 
in  nonlethal  but  slightly  toxic  doses  and  administered  simul- 
taneously. Working  with  four  naturally  infected  horses,  Bak- 
ker(i)  tried  naganol  and  tartar  emetic,  and  on  two  occasions 
atoxyl  was  employed  in  addition.  Out  of  the  four  cases  treated, 
two  recovered  and  the  rest  developed  paresis  about  two  months 
after  the  course  of  the  treatment.  It  was  not  stated,  however, 
which  of  the  two  methods  gave  satisfactory  results.  In  India, 
C.  Kahan  Singh,  (7)  with  a  view  to  reducing  the  expense  in- 
volved in  the  treatment  of  surra,  investigated  the  merit  of 
naganol  with  tartar  emetic.    With  114  horses  employed,  he 
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reported  a  recovery  of  about  80  per  cent.  The  course  of  the 
treatment  was  spread  over  a  period  of  one  month,  during  which 
small  fractional  doses  were  given.  Zijp(l2)  checked  the  work  of 
his  predecessors  in  the  Netherlands  Indies.  He  employed  na- 
ganol  and  atoxyl  on  about  200  equines.  Although  the  animals 
treated  were  not  observed  closely,  the  author  noted  fairly  good 
results  if  the  treatment  was  begun  sufficiently  early. 

In  the  Eleventh  International  Congress  held  in  London,  Bub- 
berman(3)  reported  that  naganol  with  atoxyl  administered  si- 
multaneously in  large  doses  is  attended  with  60  per  cent  recovery 
in  early  cases.  Hornby  (6)  obtained  the  best  results  in  the  treat- 
ment of  equine  surra  with  naganol  alone  or  in  combination 
with  other  drugs,  as  tartar  emetic,  antimosan,  sulfarsenol,  and 
others.  Bakker(2)  reinvestigated  the  value  of  naganol  in  com- 
bination with  atoxyl,  tartar  emetic,  and  tryparsamide.  Of  the 
12  horses  treated,  6  were  declared  cured,  the  most  effective 
combination  being  naganol  and  tartar  emetic.  In  the  Philip- 
pines, following  closely  the  fractional  method  and  using  na- 
ganol in  combination  with  tartar  emetic  and  fuadin,  Topacio(8) 
recorded  6  horses  cured  out  of  11  experimentally  infected  and 
29  out  of  40  naturally  infected.  The  course  of  the  treatment 
was  spread  over  a  period  of  one  month.  Topacio  attributed 
the  high  mortality  in  the  experimental  animals  mainly  to  the 
highly  virulent  strain  of  trypanosome  employed. 

In  view  of  the  conflicting  findings  reported  by  various  inves- 
tigators on  the  merit  of  the  combined  treatment — ^that  is,  na- 
ganol with  atoxyl  on  one  hand,  and  naganol  and  tartar  emetic 
on  the  other,  an  attempt  was  made  to  determine  the  value  of 
each  combination  in  nonlethal  but  slightly  toxic  doses.  The 
results  are  given  in  the  present  paper. 

MATERIALS   AND  METHODS 

Animals  used. — The  same  species  of  animals  as  those  used 
in  previously  reported  experiments  were  employed  in  this  in- 
vestigation. (9i  10)  The  bulk  of  the  horses  used  in  the  field 
trials  were  in  British  North  Borneo.  The  strain  of  trypano- 
some used  in  the  controlled  experiments  was  the  same  as  that 
used  in  the  two  previous  reports  of  this  series.  (9,10)  The 
strain  met  with  in  British  North  Borneo  was  identical  in  both 
morphology  and  biological  behavior  with  the  Philippine  surra 
trypanosome.  In  fact,  a  consideration  of  other  known  factors, 
such  as  the  proximity  of  the  infected  district  to  the  Philippines 
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and  the  occasional  clandestine  entrance  of  Philippine  animals, 
and  other  circumstances,  suggests  strongly  that  the  outbreak 
of  surra  in  British  North  Borneo  is  of  Philippine  origin,  (li) 

Drugs  used. — Besides  naganol  which  had  been  previously 
used,  atoxyl  and  the  sodium  salt  of  antimony  tartrate  were 
principally  employed.  The  latter  was  selected  because  it  is 
believed  to  be  less  toxic  than  the  potassium  salt.  While  atoxyl 
was  secured  through  a  local  druggist,  the  sodium  salt  of  anti- 
mony tartrate  was  imported  in  tablet  form  directly  from  Bur- 
rough  Wellcome  and  Company,  London,  England. 

Procedure. — The  technic  given  in  the  initial  reportO)  was 
closely  followed.  In  accordance  with  Paul  Ehrlich's  well-known 
dictum  "Therapia  sterilisans  magna''  in  most  of  the  experiments 
the  drugs  were  administered  in  sublethal  doses.^ 

EXPERIMENTS  AND  RESULTS 

THE    TREATMENT    OF    EQUINE    SURRA    WITH    SIMULTANEOUS    INJECTION    OF 
NAGANOL  AND  ATOXYL 

To  determine  the  efficiency  of  the  simultaneous  intravenous 
injection  of  naganol  and  atoxyl  against  surra  among  Philip- 
pine horses,  experiments  1  to  7  were  carried  out.  A  detailed 
description  of  each  of  the  experiments  follows . 

Experiment  i.— Horse  75.     Weight  175  kilograms. 

March  18,  1936, — Admitted  in  the  college  hospital;  microscopic  examina- 
tion showed  the  blood  teeming  with  surra  trypanosomes  (  +  +  +  +  ).  The 
animal  had  been  noted  to  be  with  oedema  in  the  pendant  portion  of  the 
abdomen  for  some  time.  Other  horses  in  the  same  stable  had  been  ob- 
served to  be  similarly  affected  and  died  subsequently.  The  temperature 
was  39.8 °C.;  animal  lethargic  with  pale  mucous  membrane.  Animal  in- 
oculation positive;  complement-fixation  test  positive  (+  -f  -{-  -f ).  The 
horse  was  given  intravenously  the  initial  treatment  of  2.63  grams  of  atoxyl 
in  5  per  cent  concentration  and  1.75  grams  of  naganol  in  10  per  cent 
sterile  solution  in  distilled  water. 

March  19. — Blood  negative.  Temperature  38.7 °C.  (Edema  of  the  prepuce, 
penis,  abdomen,  muzzle,  and  eyelids;  horse  decidedly  depressed  but  appetite 
fair.     Subcutaneous  injection,  10  cc  camphorated  oil. 

March  20, — Blood  negative.  Temperature  38 °C.;  condition  same  as  above. 
Camphorated  oil  injection  repeated. 

March  21  to  26. — Blood  negative.  Condition  slightly  improved;  oedema 
subsided  somewhat  but  periproctitis  developed. 

March  27, — Blood  negative.  Atoxyl  and  naganol  treatment  repeated; 
dose  of  naganol  reduced  to  0.875  gram,  concentration  remaining  the  same 
as  initial  injection. 

2  For  a  detailed  description  of  the  procedure,  previous  works  may  be 
consulted.  (9-11) 
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March  28  to  April  5. — Blood  negative.     Temperature  normal. 

April  6. — Blood  negative.  Treatment  with  trypanocidal  drugs  repeated; 
horse  quite  active;  appetite  good. 

April  8. — Blood  negative.  Complement-fixation  test  positive  (+  -f 
4-  + ) ;  condition  same  as  above.  ** 

April  9  to  12, — ^Blood  negative.     Temperature  never  above  38'*C. 

April  IS, — ^Blood  negative.  Weakness  in  hind  quarters,  unable  to  get 
up  without  assistance,  appetite  fair. 

April  14  to  20. — Blood  negative;  condition  almost  the  same;  appetite 
good. 

April  21, — Blood  negative.  The  animal  was  down,  could  not  stand  even 
when  helped  to  its  feet,  hence  a  sling  was  adjusted;  emaciation  developing. 

April  22, — Blood  negative.  Given  intravenously  50  cc  of  a  10  per  cent 
solution  of  calcium  gluconate. 

April  23, — Blood  negative.  Horse  getting  weaker;  paresis  of  the  hind 
quarters  more  marked;  appetite  good. 

April  2U, — Blood  negative.  Calcium  gluconate  treatment  repeated;  20  cc 
of  cerebrospinal  fluid  withdrawn  and  injected  intraperitoneally  to  two  white 
rats. 

April  25  to  May  1, — Blood  negative.  Inspite  of  good  appetite  weakness 
of  the  hind  legs  more  marked;  animal  depressed  and  lethargic. 

May  2, — Blood  negative.  Horse  found  in  a  recumbent  position  unable 
to  stand  even  when  assisted;  20  cc  cerebrospinal  fluid  withdrawn  by  means 
of  intrathecal  puncture  and  injected  immediately  into  two  white  rats. 

May  4. — Horse  dead,  27  days  after  last  treatment. 

May  7  to  20, — ^All  four  white  rats  negative  by  blood  examination. 

May  27, — Rats  tested  for  susceptibility;  all  caught  infective  inoculation 
after  4  days  and  died  subsequently. 

Experiment  2, — Horse  76.     Weight  124.5  kilograms. 

May  18,  19S6, — Infected  subcutaneously  with  surra  trypanosomes. 
May  2U. — ^Blood  positive  (  +  ).     Temperature  38.5  C;  complement-fixation 
test  negative. 

May  ;g5.— Blood  positive  (+   +).     Temperature  40.8 °C. 

May  26,^Blood  positive  (+  +  +).  Temperature  39.4'' C.  Animal 
slightly  depressed  with  dyspnoea. 

May  j27.— Blood  positive  (+  +  +  +)•     Temperature  38.5° C. 

May  28. — Blood  positive  (H-  +).     Temperature  39 °C.;  animal  depressed. 

May  29  and  30, — Blood  negative.     Temperature  38.4°C. 

May  31, — Blood  positive   (+  +  +).     Temperature  39 °C. 

June  1, — Blood  positive  (+  H-  +  -f ).    Temperature  38.8*^0. 

June  2  and  3, — Blood  positive  (  +  ).  Temperature  39.1  °C.;  dyspnoea 
quite  marked;   oedema  of  the  posterior  extremities  developed. 

June  4,  5,  and  6, — Blood  positive  (-f-  -f-  -f  -f ).  Temperature  1  to  2  de- 
grees above  normal. 

June  7'.— Blood  positive  (+  +  -f).     Temperature  37.8''C. 

June  8. — Blood  negative.  Temperature  38  "C;  oedema  of  the  prepuce 
noted  for  the  first  time.  Animal  reweighed  (130  kilograms) ;  25  cc  of 
cerebrospinal  fluid  obtained  by  intrathecal  puncture  and  injected  imme- 
diately intraperitoneally  into  two  white  rats  each  rat  receiving  10  cc  of  the 
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fluid.  Balance  tested  for  complement-fixing  bodies,  results  negative.  On 
the  other  hand,  blood  reacted  positive  (+  +  +  4.)  to  the  test.  Horse 
given  a  simultaneous  intravenous  injection  of  atoxyl  and  naganol  in  doses 
of  1.95  and  1.30  grams,  respectively,  dissolved  in  enough  sterile  distilled 
water  to  make  a  concentration  of  5  per  cent  of  the  former  and  10  per  cent 
of  the  latter  drug, 

June  P.—Blood  negative.  Temperature  37.6°C.;  animal  depressed;  head 
held  low;  marked  oedema  of  the  prepuce,  hind  legs,  and  muzzle. 

June  10  to  i^.—Blood  negative.  Temperature  37.5° C.  Condition  un- 
changed. 

June  i^.— Blood  negative.  Temperature  37.9 °C.  (Edematous  swelling 
of  hind  extremities,  muzzle,  and  prepuce  considerably  subsided.  Blood  of 
the  rats  positive  (  +  ). 

June  i4.— Blood  negative.  Temperature  38.1  °C.  Treatment  repeated 
Dose  of  atoxyl  increased  to  2.6  grams,  naganol  reduced  to  0.65  grams. 

June  i5.— Blood  negative.  Temperature  38.2° C.  Condition  slightly  im- 
proved. 

June  16  and  i  7.— Blood  negative.     Temperature  normal. 

June  i5.~Blood  negative.  Temperature  38° C.  Perirectal  eruption  noted. 
Positive  rat  died,  the  other  noted  positive  for  first  time  on  examination  of 
tail  blood. 

June  i 5.— Blood  negative.  Temperature  36.5 °C.  Appetite  good;  horse 
quite  active;   oedematous  swelling  completely  disappeared. 

June  £0.— Blood  negative.  Temperature  37.8°  C.  Third  course  of  treat- 
ment given,  observing  same  doses  as  second.     Second  positive  rat  died. 

June  21  to  31, -^Blood  negative.  Temperature  38.3 °C.  Condition  fair; 
appetite  good. 

,  /wZ2/  i.-^Blood  negative.  Temperature  38.4°C.  Appetite  good  but  ema- 
ciation beginning  to  appear. 

July  2  to  Ji.-— Blood  negative.     Temperature  37.9°  C.    Condition  fair. 

August  1. — Blood  negative.  Slight  dyspnoea  noted;  temperature  37.8°  C; 
appetite  good. 

August  2  to  11. — ^Blood  negative.    Temperature  normal. 

August  i^.— Blood  negative.  Temperature  37.8 °C.  Complement-fixation 
test  (-f  4-  -f.)  in  one  tube  and  (+-[-)  in  the  other. 

August  H. — Blood  negative.  Temperature  37.6**C.  Weakness  of  hind 
legs;  animal  unable  to  get  up  without  assistance. 

August  25  to  18. — Blood  negative.  Temperature  normal;  paresis  of  hind 
legs  marked;  appetite  good. 

August  19. — Blood  negative.  Temperature  36.7°  C.  Animal  down,  un- 
able to  gain  its  feet  even  when  assisted.  Intrathecal  puncture  performed 
but  difficulty  was  encountered  in  withdrawing  cerebrospinal  fluid.  Only 
about  10  cc  mixed  with  blood  was  obtained  and  injected  into  three  white 
mice.    The  horse  died  not  long  after  the  operation, 

August  26. — Blood  of  one  mouse  positive   (  +  );  other  two  negative. 

August  30. — Positive  mouse  dead;  one  of  the  two  negative  mice  be- 
came positive  (+  -f  +)  and  died  the  day  following.  The  last  mouse  did 
not  developed  surra  during  an  observation  period  of  30  days  after  inocu- 
lation with  cerebrospinal  fluid.  At  the  end  of  the  period,  it  was  tested 
for  susceptibility;  it  caught  the  disease  7  days  afterwards  and  died  5  days 
later. 
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Experiment  3, — Horse  77.     Weight  138  kilograms. 

October  21,  19S6, — Infected  intracutaneosuly  with   surra  blood. 

October  ^5.— Blood  positive   (  +  ).     Temperature  38.2°C. 

October  27, — Blood  positive  (+-[--[-).  Temperature  40.7°  C.  Animal 
depressed. 

October  ^5.— Blood  positive  (+  +).     Temperature  38.9°  C. 

October  29. — ^Blood  positive  (-}-  +  +).  Temperature  normal.  Animal 
depressed. 

October  30. — Blood  positive   (+  +  +  +)•     Temperature  39.9"  C. 

October  SI. — Blood  positive  (+  +  +  +).  Temperature  38.8° C.  Con- 
dition same  as  October  29. 

November  1. — Blood  positive  (  +  ).  Temperature  normal.  Animal  de- 
pressed with  slight  oedema  of  lower  portion  of  hind  legs. 

November  2. — Blood  positive    (+  +). 

Novembers. — Blood  positive  (+  +  +  +).  Temperature  39.8°  C.  Ani- 
mal dyspnoeic;  appetite  good. 

November  k- — Blood  positive  (+  -\-  +  +).  Temperature  normal.  Con- 
dition same  as  above. 

November  5. — Blood  positive    (+  +),  watery.     Temperature   39.5°  C. 

November  6. — Blood  positive  (+  -f  +).  Temperature  normal.  Ani- 
mal depressed  but  with  good  appetite. 

November  7. — Blood  positive  (  +  ).  Temperature  1.4° C.  above  normal. 
Slight  oedema  of  ventral  portion  of  abdomen  noted  for  first  time. 

November  8. — Blood  positive  (  +  ).  Temperature  returned  to  normal. 
Thirty  cc  of  cerebrospinal  fluid  obtained  and  injected  into  two  white 
rats,  each,  receiving  approximately  15  cc.  Microscopic  examination  of  the 
centrifuged  cerebrospinal  fluid  showed  surra  trypanosomes. 

November  9. — Blood  positive  (+  +).  Temperature  38.6 °C.  Animal  re- 
weighed  (125  kilograms).  Injected  simultaneously  with  2.5  grams  each  of 
atoxyl  and  naganol  dissolved  in  sufficient  sterile  distilled  water  to  make  5 
and  10  per  cent  concentration,  respectively. 

November  10. — Blood  negative.  Temperature  39.8°  C.  Appetite  good; 
oedematous  swelling  of  the  muzzle  noted;  visible  mucous  membrane  icteric. 

November  11. — Blood  negative.  Temperature  returned  to  normal.  Con- 
dition  same   as   above. 

November  12. — Blood  negative.  Temperature  normal.  Animal  depressed; 
appetite  good;  perirectal  eruption  developed,  which  disappeared  in  the 
course  of  15  days;  complement-fixation  test  positive  (  +  )  in  one  tube, 
negative  in  the  other. 

November  13. — ^Blood  negative.  Animal  weaker  than  yesterday.  Both 
rats  positive   (+  +  -j-  -}-). 

November  H. — Blood  negative.  Temperature  normal.  Condition  same 
as  above. 

November  15  and  16. — Blood  negative.  Condition  slightly  improved; 
appetite  good.     Rats  positive  (-f  +  -f  -\-). 

November  17. — Blood  negative.     White  rats  dead. 

November  18  and  19. — Blood  negative.     Condition  continued  to  improve. 

November  20. — Blood  negative.  Complement-fixation  test  (  +  +  )  in  the 
first  tube,  (  +  )  in  the  second,  (^)  in  the  third. 
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November  21    to  .^^.—Blood  negative.     Condition   greatly  improved. 
December  1  to  ^i.— Blood  negative.     Temperature  never  above  normal. 
January  1   to  ^,  iP^7.— Blood  negative.     General  condition  fair. 
January  5.— Blood  negative.     Complement-fixation  test  negative  in  three 
tubes. 

January  6  to  February  i^.— Blood  negative.     General  condition  fair. 

February  15.— Blood  negative.  Inspite  of  good  appetite  the  animal  did 
not  put  on  much  weight.     Complement-fixation  test  carried  (±). 

April  21  to  May  ^i.— Blood  negative.  Complement-fixation  test  per- 
formed May  26  showed   (+  +)   in  one  tube  and   (-f)   in  the  other. 

June  1.— Blood  negative.  Complement-fixation  test  (-f +  )  in  the  first 
tube  and  (4-  +  .|-)  in  the  second. 

June  2  to  ^^.— Blood  negative.  Complement-fixation  test  performed 
June  11  showed  the  same  result  as  that  performed  June  1. 

June  ^^.— Blood  negative.     Animal   weighed    (109  kilograms), 

June  28  to  September  i. —Blood  negative.  Inspite  of  fair  appetite  a 
progressive   emaciation   noted. 

September  ^.—Blood  negative.  Animal  down,  unable  to  get  up  with- 
out assistance. 

September  ^.— Blood  negative.  Horse  depressed,  greatly  emaciated, 
weak,  and  in  recumbent  position. 

September  ^.—Blood  negative.  Animal  unable  to  remain  standing  even 
when  placed  in  sling.  20  cc  of  cerebrospinal  fluid  withdrawn  and  injected 
intraperitoneally  in  two  white  rats. 

September  5.— Animal  found  dead,  294  days  after  treatment. 

September  10.— White  rats  negative  to  microscopic  examination  of  tail 
blood.  Rats  observed  up  to  October  4  when  susceptibility  test  was  per- 
formed. Both  rats  went  down  with  the  disease  4  days  later  and  died 
subsequently. 

Experiment  4._Horse  78.     Weight  117  kilograms. 

November  18,  1936,~Blood  negative.  Temperature  37.5°  C.  Inocu- 
lated  intracutaneously  with  surra  blood. 

November   ^5.— Blood   positive    (+  -f).     Temperature   39.3°C'. 

November  ^0.— Blood  positive  (-f +  4--f).  Temperature  38.7° C.  Appe- 
tite good. 

December  2, — Blood  positive   (  +  ).     Temperature  37  "C. 

December  U- — Blood  negative.     Temperature  normal. 

December  5. — Blood  positive  (-f-).     Animal  slightly  depressed. 

December  6, —Blood  positive  (-f  -f  -h).  Temperature  39.4°  C.  Slight 
dyspnoea  noted;  appetite  good. 

December  7. — Blood  positive  (+  -f-  -f  4-).  Temperature  40.4''  C.  Horse 
depressed  with  head  held  low;  appetite  good. 

December  8. — Blood  positive  (-f).  Temperature  39.1°  C.  Condition 
about  same  as  above,  with  oedema  of  hind  legs. 

December  9. — Blood  positive  (  +  ).  Temperature  39.7  "C.  Animal  re- 
weighed  (105  kilograms).  20  cc  cerebrospinal  fluid  removed  by  intrathe- 
cal puncture  and  immediately  injected  into  white  rats. 

December  10. — Blood  negative.  Temperature  39.3°  C.  Appetite  fair; 
slight  weakness  of  hind  legs.     Treated  with  a  simultaneous  injection  of 


112  3^^^  Philippine  Journal  of  Science  1941 

naganol  and  atoxyl  in  doses  of  2.1  grams  each  dissolved  in  enough  sterile 
distilled  water  to  make  up  strength  of  solution  as  in  the  foregoing  experi- 
ments. 

December  11. — Blood  negative.  Temperature  37,8  °C.  Animal  depressed, 
head  held  low,  oedema  of  muzzle,  eyelids,  ears,  limbs,  and  ventral  portion 
of  abdomen;  appetite  fair. 

December  12, — Blood  negative.  Temperature  37.8°  C.  Appetite  poor; 
oedematous  swelling  more  marked. 

December  13, — Blood  negative.  Temperature  38.3 '^  C.  Condition  al- 
most the  same  as  above. 

December  I4. — Blood  negative.  Temperature  38°  C.  Appetite  fair;  no 
visible  improvement  noted;  horse  distinctly  depressed. 

December  15, — ^Blood  negative.  Animal  down  in  the  morning;  however, 
when  helped  to  its  feet,  maintained  a  standing  position;  markedly  dull 
with  rapid  respiration;  anus  relaxed.  In  the  afternoon  the  horse  was 
down  again;  decidedly  weak  in  the  hind  quarters;  given  10  cc  camphorated 
oil  subcutaneously. 

December  16, — Horse  found  dead  early  in  the  morning. 

Experiment  5. — Horse  79.     Weight  102  kilograms. 

December  17,  1936. — Infected  intracutaneously  with  surra  trypanosome. 

December  2J^. — Blood  positive   (  +  ).     Temperature  37.8°   C. 

December  25, — Blood  positive    (+  -f  +).     Temperature  38**    C. 

December  26, — Blood  positive  (+  +  +).  Temperature  39°  C.  Animal 
slightly  depressed;  appetite  good. 

December  27, — Blood  positive  (-f  +  +  +).  Temperature  returned  to 
normal.     Condition  same  as  yesterday. 

December  28  and  29, — ^Blood  positive  (+  +  +  +).  Temperature  V  C. 
above  normal.    Reweighed  (92  kilograms). 

December  30, — Blood  positive  (+  +)•  Temperature  37.2°  C.  Horse 
down  in  the  morning  but  when  led  to  its  feet  animal  stood  without  as- 
sistance; slight  weakness  of  hind  legs  noted;  appetite  good.  Treated 
with  atoxyl  and  naganol  in  doses  of  1.80  grams  each  of  same  strength  of 
solution  as  above.  In  the  afternoon  horse  given  one  cc  of  fluid  extract 
of  nux  vomica  in  water  per  os.    Animal  quite  weak. 

December  31, — Blood  negative.  Temperature  37.4°C.  General  condi- 
tion about  same  as  yesterday,  appetite  good.  In  the  afternoon  given  fluid 
extract  of  digitalis  and  nux  vomica  one  cc  each  in  water  per  os, 

January  1,  1937. — Blood  negative.  Temperature  37.1  °C.  Digitalis  and 
nux  vomica  treatment  repeated.  Mucous  membrane  slightly  icteric;  animal 
quite  weak. 

January  2, — Blood  negative.  Temperature  37.4  °C.  Condition  unchanged, 
same  treatment  as  above. 

January  3, — Blood  negative.  Animal  sinking  gradually;  emaciation 
quite  marked. 

January  21, — Blood  negative.  Temperature  37,2°  C.  Marked  weakness 
of  hind  legs  noted.  Complement-fixation  test  {-f-  +  +)  in  one  tube  and 
(4*  +)  in  the  other. 

January  22  to  30, — Blood  negative.  Animal  greatly  emaciated  with 
weakness  of  hind  quarters. 
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January  5i.— Blood  negative.  Temperature  subnormal.  Ten  cc  of  cere- 
brospinal fluid  obtained  and  injected  immediately  into  two  white  rats. 

February  1, — Horse  found  dead. 

February  ^.— White  rats  remained  negative.  Subsequent  blood  exami- 
nations failed  to  show  infection.  Hence,  after  20  days  a  test  for  suscept- 
ibility was  performed.     Both  rats  caught  infection  and  died  subsequently. 

Experiment  (?.— Horse  80.    Weight  161  kilograms. 

January  5,  1937, — Infected  subcutaneously  with  surra  blood. 

January  11, — Blood  positive   (  +  ).     Temperature  37.4°  C. 

January  12. — Blood  positive  (  +  +  ).     Temperature  37.4°  C. 

January  IS  to  i5.— Blood  positive  (H-  +  +  +).  Temperature  0.4  to  1.2° 
C.   above  normal.     Animal   slightly   dull;    appetite   good. 

January  16  and  17.— Blood  positive  (+  +  +).  Temperature  returned 
to  normal.    Animal  dyspnoeic,  with  slight  oedema  of  hind  legs. 

January  18  and  19.—Blood  positive  (+  +  4.  4.).  Temperature  38.1° 
C.  and  89°  C,  respectively.     Condition  about  same  as  above;  appetite  fair. 

January  ^0.— Blood  positive   (+4-).    Temperature  37.4°  C. 

January  21  and  <^S.— Blood  positive  (-}-  +  +).  Temperature  38.5°  C. 
and  36.7°C.,  respectively. 

January  ^^.— Blood  positive    (-|-  4-  +  4.).    Temperature  88.3°   C. 

January  ^;^.— Blood  positive  (+  +).  Temperature  38.3°  C.  Animal  re- 
weighed   (160  kilograms). 

January  ^5.~~Blood  positive    (+  4.  4.  4-).    Temperature  38.9°   C. 

January  26  and  ^r.— Blood  positive  (+  +  +).  Temperature  38.9°  C. 
and  38.5°  C,  respectively.  (Edema  of  prepuce  noted  for  first  time;  ap- 
petite good.  o 

January  ^5.— -Blood  positive  (4.  + -f- 4-).  Temperature  returned  to 
normal.  Animal  dull;  oedema  extended  to  penis;  anus  relaxed;  appetite 
good.  Treated  in  the  morning  with  3.2  grams  of  each  of  atoxyl  and  nag- 
anol  in  5  and  10  per  cent  sterile  water  solution,  respectively,  and  injected 
intravenously.  In  the  afternoon  the  horse  was  given  hypodermically  i  grain 
strychnine  sulphate  in  2  cc  sterile  distilled  water. 

January  29,— -Blood  negative.  Temperature  38.3°  C.  Animal  depres- 
sed, with  head  held  low.  Face  swollen  with  oedema  of  muzzle.  (Edema- 
tous swelling  of  external  genital  organs  and  limbs  decidedly  more  severe 
than  previously;  appetite  remaining  good.     Strychnine  injection  repeated. 

January  SO  to  February  H, — Blood  negative.  Temperature  range  be- 
tween 35.7  and  37.7°  C.  (Edema  previously  noted  in  various  parts  of  body 
partially  subsided. 

February  i5.— Blood  negative.  Temperature  36.8°  C.  Appetite  good; 
complement-fixation  test  negative  in  two  tubes. 

February  16  to  March  1, — Blood  negative.  No  decided  improvement 
inspite  of  good  appetite.  t 

March  2, — Blood  negative.  Temperature  36.3°  C.  Complement-fixation 
test  repeated  with  negative  result. 

March  S  to  16, — Blood  negative.    Condition  about  the  same. 

March  17, — Blood  negative.  Complement-fixation  test  negative  in  two 
tubes. 
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March  18  to  May  3. — Blood  negative.  Temperature  variable,  ranging 
between  36.1  and  38.1°  C.     Condition  fair. 

May  4. — Blood  negative.     Temperature  39  °C. 

May  5. — Blood  positive  (  +  )•  Relapsed  since  treatment  was  given  108 
days  ago.     Temperature  40  °C.     Infected  two  white  mice  with  the  blood. 

May  6, — ^Blood  negative.  Temperature  returned  to  normal.  Reweighed 
(142  kilograms).     Condition  poor. 

May  7. — Blood  positive  (  +  ).     Temperature  36.9 °C. 

May  8. — Blood  positive  (  +  ).  Temperature  37.2°  C.  Mice  positive 
(4-  +  +),  died  after  three  days.  Since  the  recovered  trypanosomes 
showed  no  indication  of  lowered  virulence,  the  horse  was  killed. 

Experiment  7. — Horse  81.     Weight  128  kilograms. 

April  22,   1937. — Infected  subcutaneously  with  surra  trypanosomes. 

April   30. — Blood   positive    (  +  ).     Temperature   39.8°C.     Appetite    good. 

May  1. — Blood  positive  (+  +).  Temperature  40.3°  C.  Condition  good; 
appetite  fair. 

May  2. — Blood  positive  (+  +)•  Temperature  38.3°  C.  Beyond  a  slight 
dullness  condition  about  same  as  above. 

May  .?.~Blood  positive  (+  +   +  +).     Temperature  40.5 °C. 

May  4.— Blood  positive  (+  +  -}-+).     Temperature  38.5°C. 

May  5. — Blood  negative.     Temperature  38.7° C. 

May  6'.-— Blood  positive   (  +  ).     Temperature  38.8 °C. 

May  7. — Blood  positive  (-f  -j-  -f ).     Temperature  38.8°  C. 

May  8. — Blood  positive    (+  -f  +).     Temperature  38.4°  C. 

May  9  and  10.— Blood  positive  (+  +).     Temperature  39.8°C.  and  39.4°C. 

May  11. — Blood  positive  (  +  ).     Temperature  38.6°  C. 

May  12.-— Blood  positive   (+   +)•     Temperature  40.2° C. 

May  i^.— Blood  positive  (+  +  -f  )•  Temperature  39.6° C,  Blood  ob- 
tained for  complement-fixation  test;  result  plus  or  minus  (±)  in  each  test 
tube;  blood  watery. 

Mai/ i-4.— Blood  positive  (-4-  +  +  +).  Temperature  39°C.  Animal  re- 
weighed  (110  kilograms).  Treated  intraveneously  with  atoxyl  and  na- 
ganol  in  doses  of  2.2  grams  each,  in  same  concentration  as  in  foregoing 
experiments. 

May  15. — Blood  negative.  Temperature  39.3° C.  Animal  depressed,  weak, 
with  oedema  of  face,  muzzle,  and  legs  as  noted  in  other  experimental  animals. 

May  16. — Blood  negative.  Temperature  39.4° C.  Appetite  good;  condi- 
tion unchanged. 

May  17. — Blood  negative.     Temperature  39°  C.     Condition  unchanged. 

May  18. — Blood  negative.     Temperature  38.7°  C. 

May  19  to  25. — Blood  negative.  Temperature  returned  to  normal;  gen- 
eral condition  on  the  decline. 

May  26. — -Blood  negative.  Temperature  35.3 °C.  Weakness  of  hind  legs; 
perirectal  eruption  developed.     Complement-fixation  test  (-]-)  in  two  tubes. 

May  27. — Blood  negative.     Temperature  38.3  °C. 

May  28. — Blood  negative.  Temperature  36.5  °C.  Animal  down  but  when 
helped  regained  its  legs;  weakness  of  hind  quarters  quite  marked.  Given 
2  cc  fluid  extract  of  nux  vomica  in  water  per  os. 

May  29. — Blood  negative.  Temperature  37  °C.  Early  in  the  morning, 
horse  noted  lying  down.  Able  to  stand  up  if  assisted.  Nux  vomica  treat- 
ment repeated. 
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May  so  and  ^i.— Blood  negative.  Temperature  normal.  Treatment  with 
nux  vomica   repeated. 

June  i.— Blood  negative.  Temperature  38.2 °C.  Treatment  with  nux 
vomica  with  10  cc  of  aromatic  spirit  of  ammonia  in  water  given  per  os 
No  improvement  in  condition.  Results  of  complement-fixation  test  same  as 
on  two  previous  occasions. 

June  2  to  7.--Blood  negative.  Temperature  normal.  Treatment  with 
nux  vomica  and  aromatic  spirit  of  ammonia  continued.  Inspite  of  gooa 
appetite,  emaciation  progressing. 

June  8  to  10. — Blood  negative;  condition  unchanged. 

June  ii.— Blood  negative.  Temperature  37.2 °C.  50  cc  of  cerebrospinal 
fluid  obtained  by  means  of  intrathecal  puncture.  40  cc  was  injected  intrape- 
ritoneally  into  4  white  mice,  each  mouse  receiving  10  cc.  Balance  subjected 
to  complement-fixation  test,  result  (  +  )  in  one  tube  and  (+  +)  in  the  other. 

June  i5.~- Animal  died  greatly  emaciated;  blood  of  mice  negative  to  tail- 
blood  examination. 

June  21  to  30. — Blood  of  mice  still  negative. 

July  i.— Susceptiblity  test  performed  on  mice;  all  caught  the  disease 
4  days  after  infection  and  died  later. 

THE    TREATMENT    OP    EQUINE    SURRA    WITH    SIMULTANEOUS    INJECTION    OF 
NAGANOL  AND  SODIUM  ANTIMONY  TARTRATE 

Experiments  8  to  16  were  designed  to  test  the  value  of  the 
combined  trypanocidal  action  of  naganol  and  sodium  antimony 
tartrate  in  experimental  and  natural  surra  among  native  horses. 

Experiment  ^.—Horse  82.     Weight  154.5  kilograms. 

July  21,  19S7.— Infected  subcutaneously  with  surra  blood. 

July  ^P.— Blood  positive  (  +  ).     Temperature  38.8^ C. 

July  SO  to  August  4.— -Blood  positive  (+  +).  Temperature  ranging  be- 
tween 38  °C.  and  40  °C.     Animal  slightly  duU. 

August  5  to  7. — Blood  negative.  Temperature  never  above  normal; 
slight  emaciation  developing;  appetite  good;  hind  quarter  slightly  wobbly. 

August  ^.— -Blood  positive  (+  +  -f).  Temperature  39.4°C.  Condition 
unchanged. 

Ati^riist  5>.— -Blood  positive  (+  +  -f  +).     Temperature  38.7° C. 

August  iO.-— Blood  positive  (-f  4-  +)•     Temperature  38.8°C. 

August  ii.— Blood  positive   (+   -f ).     Temperature  38.8''C. 

August  12. — Blood  positive  (  +  ).  Temperature  38.3°C.  Animal  re- 
weighed    (138  kilograms). 

August  IS. — Blood  positive  (+  +  +  +).  Temperature  39 °C.  Inspite 
of  fair  appetite  animal  getting  more  depressed  and  weaker. 

August  14" — Blood  positive  (+  +  -f  +)•     Temperature  unchanged. 

August  15. — Blood  positive  (-f  -f  +  +).  Temperature  37.7°C.  Re- 
weighed  (138  kilograms).  Given  intravenously  1.43  grams  of  sodium  anti- 
mony tartrate  in  1  per  cent  concentration  and  2.76  grams  naganol  in 
10  per  cent  solution.  During  injection  of  former  the  horse  collapsed. 
When  sufficiently  recovered,  the  naganol  was  administered  intravenously. 

August  16. — Animal  found  dead  in  the  morning. 
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Experiment  9. — Horse  83.     Weight  111.8  kilograms. 

August  15 y  19S7, — Inoculated  with  surra  blood  from  horse  82. 

August  22. — Blood  positive  (  +  )•     Temperature  39.2°  C. 

August  28. — Blood  positive  (  +  ).     Temperature  41  °C. 

August  24. — Blood  positive  (  +  )•     Temperature  39  °C. 

August  25  and  26. — Blood  positive  (+  -f ).  Temperature  39.2  °C.  and 
39.7  °C.,  respectively.    Appetite  good. 

August  27. — Blood  positive  (+  +  +).  Temperature  39.3 °C.  Animal 
slightly  depressed. 

August  28. — Blood  positive  (+  +).  Temperature  38 °C.  Horse  dull 
and  slightly  weak,  with  certain  degree  of  emaciation;  appetite  fair. 

August  29. — Blood  positive  (  +  ),  watery.  Temperature  38.2  °C.;  condi- 
tion same  as  above. 

August  30. — Blood  positive  (+  +).     Temperature  38.2° C. 

August  SI. — Blood  positive  (+  +).     Temperature  39.9° C. 

September  1. — Blood  positive  (4-  +  +)•     Temperature  40.9° C. 

September  2. — Blood  positive  (+  +).     Temperature  39.6° C. 

September  3. — Blood  negative.     Temperature  37.6°  C. 

September  A. — Blood  positive  (  +  ).     Temperature  39.5 °C. 

September  5. — Blood  positive  (+  +).     Temperature  39.4° C. 

September  6. — Blood  positive  (+  +  +  +)•  Temperature  39.4° C.  Re- 
weighed  (87  kilograms).  Treated  with  1.74  grams  of  naganol  and  0.65 
grams  of  sodium-antimony  tartrate.  During  the  naganol  injection  the 
respiration  was  30,  but  when  the  antimony  was  given  it  rose  to  60  per 
minute. 

September  7. — Blood  negative.  Temperature  40.2**C.;  respiration  nor- 
mal. 

September  8. — Blood  negative.  Temperature  38.7°C.  Appetite  poor;  ani- 
mal weak  and  decidedly  depressed. 

September  9. — Blood  negative.  Temperature  38.7°C.  CEdema  of  the 
hind  legs;  streaks  of  blood  noted  in  the  anal  region. 

September  10. — ^Animal  found  dead  the  following  morning. 

Experiment  10. — Horse  84.     Weight  162  kilograms. 

August  15,  1937. — Infected  with  surra  blood  from  animal  83. 
August  22. — Blood  negative.     Temperature  40.5  °C.     Animal  slightly  dull 
but  appetite  good. 

August  23. — Blood  positive  (  +  ).     Temperature  39 °C. 
August  24. — ^Blood  positive  (4-).     Temperature  38.3  °C. 
August  25. — ^Blood  positive  (-]-  -h).     Temperature  40.6°  C. 
August  26  and  27. — Blood  negative.     Temperature  normal. 
August  28. — Blood  positive  (4-  +).     Temperature  same  as  above. 
August  29. — Blood  positive  (+  +).    Temperature  38.9 °C. 
August  30. — Blood  positive  (-f ).     Temperature  39.1°C. 
August  31. — Blood  negative.    Temperature  37.1  °C. 
September  1. — Blood  positive  (+  +).     Temperature  40.6° C. 
September  2. — Blood  positive  {  +  ).     Temperature  40.9 °C. 
September  3. — Blood  negative.     Temperature  41  °C. 
September  U. — Blood  negative.     Temperature  40.4°  C. 
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September  5. — Blood  negative.  Temperature  39° C.  Animal  reweighed 
(174  kilograms).  Treated  with  2.58  grams  of  naganol  and  1.3  grams  of 
sodium  antimony  tartrate. 

September  6, — Blood  negative.  Temperature  38" C.  Animal  decidedly 
depressed  with  oedema  of  pendant  portion  of  body. 

September  7, — Blood  negative.  Temperature  37.5°C.  Condition  same  as 
above, 

Septemf)er  8  to  17, — Blood  positive.  Temperature  never  above  38.1 ''C; 
condition  slightly  improved. 

September  18. — Blood  negative.  Temperature  37.8° C.  Animal  improv- 
ing,  treatment  with  naganol-sodium  antimony  tartrate  repeated. 

September  19, — Blood  negative.     Temperature  38.1°C. 

September  22, — Horse  found  dead. 

Experiment  ii.— Horse  85.  Weight  163  kilograms;  a  greatly 
emaciated  animal. 

November  IS,  1937. — Injected  subcutaneously  with  10  cc  of  blood  from 
a  surra  carabao. 

November  2j^, — Blood  positive    (  +  ).    Temperature  39.1  °C. 

November  25, — Blood  positive  (+  +).     Temperature  38.8° C. 

November  26, — Blood  positive  (+  +  +).     Temperature  39°  C. 

November  27, — Blood  positive  (+   +   +).     Temperature  38.9° C. 

November  28, — Blood  positive  (+  4-  -f  +).     Temperature  39.5 °C. 

November  29, — Blood  positive  (4-4-).     Temperature  38° C. 

November  30, — Blood  positive  (4-).  Temperature  39 °C.  Appetite  fair; 
emaciation  more  marked  with  bilateral  nasal  discharge. 

December  1, — Blood  positive  (4-).     Temperature  38.9  °C. 

December  2, — Blood  positive  (  +  ).  Temperature  88.2° C.  Appetite  poor; 
animal  decidedly  weak. 

December  3, — Animal  found  dead;  no  autopsy  performed. 

Experiment  i:^.— Horse  86.    Weight  140  kilograms. 

October  11,  i 5^7.— Infected  with  surra  blood  from  a  rat. 

October  Jf  7.— Blood  positive   (4-).     Temperature  37.6 °C. 

October  18, — Blood  positive   (4-   +).     Temperature  38.5 °C. 

October  19,— mood  positive    (+  +  +  -{-).     Temperature  38.6°  C. 

October  20  and  ;gi.— Blood  positive  (-f  +  4-  4-).  Temperature  38.7° C. 
and  39.2°  C. 

October  ^^.— Blood  positive  (4-  4-  4-).     Temperature  38.6° C. 

October  23, — Blood  negative.     Temperature  37.2 °C. 

October  2h~B\oodL  positive  (4-).     Temperature  37.8 °C. 

October  :25.— Blood  positive   (4-).     Temperature  37.2 °C. 

October  26, — Blood  positive   (4-   4-).     Temperature  38.7° C. 

October  27,— Blood  positive   (4-).     Temperature  37.4°  C. 

October  28,— Blood  positive   (+   4-   4-   4-)-     Temperature  39.2  °C. 

October  ^P.—Blood  positive   (4-).     Temperature  37.9 °C. 

October  30. — Blood  positive  (4-  +).  Temperature  37.9 °C.  Animal  re- 
weighed  (134  kilograms).  Treated  with  2  grams  naganol  in  10  per  cent 
solution  in  the  morning,  and  in  the  afternoon  the  animal  was  injected  with 
1  gram  of  sodium-antimony  tartrate  in  1  per  cent  concentration. 

October  31, — Blood  negative.     Temperature  38.9  °C. 
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November  1, — Blood  negative.     Temperature  40  °C. 

November  2. — Blood  negative.     Temperature  38.9°  C. 

November  3  to  December  7. — Blood  negative.  Temperature  ranging  be- 
tween 36.5°C.  and  38.4° C. 

December  8. — Blood  negative.  Temperature  39.9 °C.  Complement-fixa- 
tion test  negative  in  one  tube  and  ( + )  in  the  other. 

December  9  to  SO, — Blood  negative.     Temperature  never  over  38.4° C. 

December  SI, — Blood  negative.  Temperature  38 °C.  Complement-fixa- 
tion test  ( +  -j- )  in  first  ( +  +  + )  in  second  tube. 

January  S  to  February  1,  1938. — Blood  negative.  Temperature  normal. 
Animal  decidedly  improved. 

February  2, — Blood  negative.  Temperature  37.2 °C.  Complement-fixa- 
tion test  negative  in  two  tubes. 

February  3, — Blood  negative.     Temperature  37.5  °C. 

February  7. — Blood  negative.  Temperature  37  °C.  Due  to  unknown 
cause  the  horse  accidentally  fell  into  the  manger.  When  released  the 
animal  attempted  to  rise  on  its  feet  but  failed.  Hence  it  was  supported 
in  a  standing  position  with  a  sling.  Animal  treated  with  0.1  grain  of 
strychnine  sulphate  hypodermically. 

February  8. — Blood  negative.  Temperature  38° C.  Bruises  on  the  back, 
neck,  and  legs  treated  with  a  liberal  application  of  white  lotion.  Injection 
of  strychnine  sulphate  repeated. 

February  9. — Blood  negative.  Temperature  37.6 °C.  Bruises  dressed 
same  as  above.     Hypodermic  injection  of  strychnine  sulphate  given. 

February  10  to  16, — ^Blood  negative.  Temperature  never  above  normal. 
Bruises  treated  as  usual.  Strychnine  sulphate  treatment  given  daily;  ani- 
mal much  improved. 

February  17  to  27, — Blood  negative.  Temperature  never  above  37.8°C. 
The  animal  kept  continuously  in  sling.  Skin  lesions  beginning  to  suppurate, 
treatment  changed  to  a  mixture  of  pine  tar,  glycerine,  and  phenol. 

February  28, — Blood  negative.  Temperature  37.8 °C.  The  skin  lesions 
dressed  as  above.     Given  under  the  skin,  1,500  units  of  tetanus  antitoxin. 

March  1  to  8, — Blood  negative.  Temperature  normal.  Horse  taken 
daily  for  a  short  walk.  When  in  the  stall  the  animal  was  in  sling;  skin 
lesion  treated  as  usual.     Condition  decidedly  improved. 

March  9. — Blood  negative.  Temperature  37.5  °C.  Lesions  on  the  skin 
treated  in  the  same  manner  as  above.  Complement-fixation  test  negative 
in  both  tubes. 

March  10  to  15. — Blood  negative.  Temperature  ranging  between  36.9°C. 
and  37.7 °C. 

March  16, — Blood  negative.  Temperature  38 °C.  Sling  removed;  ani- 
mal placed  in  pasture  for  an  hour;  skin  lesions  almost  healed. 

March  17  to  April  5. — Blood  negative.  Temperature  never  above  38.4° 
C;  animal  gaining  in  weight. 

April  6, — Blood  negative.  Complement-fixation  test  negative.  Skin  le- 
sions completely  healed. 

April  7  to  July  5. — Blood  negative.  Temperature  normal.  Animal 
gained  considerable  weight  (150  kilograms). 

July  6,  1938 f  to  April  30,  194^0, — Animal  in  excellent  condition;  weight 
160  kilograms.  Repeated  animal  inoculations  of  both  cerebrospinal  fluid 
and  blood  never  showed  surra  trypanosomes. 
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Experiment  i,^.— Horse  87.     Weight  145  kilograms. 

January  29,  i  5>^5.— Infected  subcutaneously  with  surra  organisms  ob- 
tained from  a  guinea  pig. 

February  5. — Blood  positive  (+   +)•     Temperature  40 °C. 

February  7.— Blood  positive  (+   +   +).     Temperature  39.4°C. 

February  ^.— Blood  positive  (+  +  +  +).  Temperature  40.5 °C,  Ani- 
mal slightly  dull  with  accelerated  respiration. 

February  9.— Blood  positive  ( +  -f ) .  Temperature  38.3°C.  Dullness,  but 
augmented  respiration  subsided. 

February  i(?.—Blood  positive  (-{-).     Temperature  38.5°C. 

February  ii.— Blood  positive   (+   +).     Temperature  40°C. 

February  i^.— Blood  positive   (+   +   +).     Temperature  38.2° C. 

February  i^.— Blood  positive  (  +  ).     Temperature  37.8  °C. 

February  i5.— Blood  negative.     Temperature  38.4°C. 

February  i^.— Blood  positive   (4-).     Temperature  38.6  °C. 

Fe^mari/ Jf /.—Blood  positive  {+  +  +  +).  Temperature  40.2° C.  Ani- 
mal slightly  depressed  with  a  serous  bilateral  nasal  discharge. 

February  18.— Blood  positive  (+  +  +  -f-).  Temperature  39.2°C. 
Animal  reweighed  (141  kilograms).  One  male  white  rat  inoculated  with 
cerebrospinal  fluid  obtained  by  means  of  suboccipital  puncture.  Naganol 
treatment  instituted  in  the  afternoon,  2.12  grams  dissolved  in  40  cc  sterile 
distilled  water. 

February  19. — Blood  negative.  Temperature  same  as  above.  (Edema 
formed  in  various  parts  of  body,  as  in  the  muzzle,  scrotum,  and  preputial 
region;  animal  quite  depressed.  In  the  afternoon  1.3  grams  of  sodium- 
antimony  tartrate  in  1  per  cent  solution  injected  intravenously. 

February  20. — Sunday,  no  treatment  given. 

February  21. — Blood  negative.  Anal  region  moist  and  penis  protruding. 
(Edematous  swelling  observed  soon  after  naganol  therapy  still  persisting. 
Inoculated  rat  still  negative  on  microscopic  examination  of  tail  blood. 

February  22  to  2^. — Blood  negative.  Temperature  normal.  Condition 
unchanged. 

February  25.— Blood  negative.  Temperature  37.2°  C.  (Edematous 
swelling  subsiding;  appetite  good. 

February  26. — Blood  negative.  Temperature  37.3°  C.  Animal  quite 
weak  but  appetite  good. 

February  28. — Blood  negative.     Temperature  38°  C. 

March  1. — Inoculated  white  rat  noted  for  the  first  time  positive  and 
died  3  days  later. 

March  2  to  28. — Blood  negative.  Temperature  never  above  38.4°  C. 
(Edema  subsided  completely,  even  penis  retracted  into  its  sheath;  animal 
starting  to  pick  up.     Perirectal  eruption  almost  healed. 

April  6. — Blood  negative.  Complement-fixation  test  negative  in  one  tube 
but  (±)  in  the  other. 

April  7  to  June  21. — Blood  negative.    Animal  noticeably  improved. 

June  22. — Blood  negative.  Complement-fixation  test  negative  in  two 
test  tubes. 

June  23  to  December  81. — Animal  turned  into  the  pasture.  Complement- 
fixation  test  performed  in  three  instances  all  negative.  Repeated  labor- 
atory animal  inoculations  with  blood  likewise  negative. 
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January  1  to  November  SO,  1939, — ^Animal  never  showed  sign  of  surra; 
repeated  inoculation  into  laboratory  animals  of  both  blood  and  cerebro- 
spinal fluid  negative;  horse  reweighed  (220  kilograms). 

December  20,  1939, — ^Killed  for  anatomy  specimen. 

Experiment  14, — Horse  88.    Weight  245  kilograms. 

March  12,  1938, — Animal  admitted  to  the  college  hospital  suffering 
from  surra.  Except  for  slight  degree  of  emaciation,  condition  fair. 
Blood  on  examination  teeming  with  trypanosomes  (+  +  +  +).  Temper- 
ature 39°  C.  Given  intravenously  2  grams  of  naganol  in  10  per  cent 
sterile  distilled  water.  Pour  hours  later,  given  1.30  grams  of  sodium-an- 
timony tartrate  in  1  per  cent  concentration. 

March  14- — Blood  negative.  Temperature  37.5°  C;  oedema  of  the  scro- 
tum, prepuce,  and  penis  noted.  In  fact  the  penis  remained  out  of  the 
sheath  all  the  time  (paraphimosis) ;  appetite  good. 

March  15, — Blood  negative.  Temperature  38.2°  C;  condition  the  same 
as  above. 

March  16, — Blood  negative.    Temperature  37.6*  C. 

March  18. — ^Blood  negative.  Temperature  38.4°  C.  Paraphimosis  con- 
siderably improved,  penis  partially  retracted  into  the  sheath. 

March  19. — Blood  negative.  Temperature  37.6''  C.  CEdematous  swell- 
ing together  with  paraphimosis  completely  subsided.  Animal  decidedly 
improved. 

March  23, — Blood  negative.  Temperature  38.2*'  C.  Perirectal  eruption 
noted  which  behaved  in  much  the  same  manner  as  in  previous  experiments. 

March  23  to  April  5, — Blood  negative.  Temperature  never  above  38.4** 
C. 

April  6, — Blood  negative.  Temperature  37.8°  C.  Complement-fixation 
test  (-h  +  +)   in  the  first  and  (-}-  4-  -f  +)  in  the  second  tube. 

April  6  to  28, — Blood  negative.     Animal  slightly  emaciated. 

May  1, — Blood  negative.  Temperature  38°  C;  paresis  of  hind  legs  noted 
for  first  time. 

May  2, — Blood  negative.  Temperature  37.6°  C.  Appetite  good.  Due  to 
paretic  condition  of  hind  quarters  horse  unable  to  remain  standing,  even 
when  assistance  was  given. 

May  3, — Animal  killed  in  extremis. 

Experiment  15. — Horse  89.    Weight  146  kilograms. 

July  2, 1938. — Admitted  at  the  clinic  of  the  College  of  Veterinary  Science 
with  the  complaint  of  irregular  appetite.  Blood  examination  positive 
(-1-  4  -j-)  for  surra.    Temperature  38°  C.    Animal  slightly  depressed. 

July  3, — Blood  positive  (  +  ).  Temperature  38.3°  C.  Given  2.5  grams 
of  naganol. 

July  4. — Blood  negative.  Temperature  39.5°  C.  (Edema  of  pendant 
portion  of  body.     Given  1.3  grams  of  sodium-antimony  tartrate. 

July  5, — Blood  negative.  Temperature  38,8°  C.  (Edematous  swelling 
slightly  subsided;  appetite  fair. 

July  ^.— Blood  negative.  Temperature  37.5°  C.  Appetite  good;  condi- 
tion decidedly  improved;  animal  quite  active. 

July  7  and  8. — Blood  negative.     Temperature  38°  C. 
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July  9, — Blood  negative.  Temperature  37.7°  C.  (Edema  which  devel- 
oped after  naganol  injection  completely  disappeared. 

July  10. — Blood  negative.     Temperature  37.5°  C. 

July  14. — Blood  negative.  Temperature  38.1°  C.  Complement-fixation 
test  (+  +)  in  the  first  and  (-f  +  +)   in  the  second  tube. 

July  15. — Blood  negative.  Temperature  38°  C.  Since  the  general  con- 
dition of  the  animal  had  decidedly  improved,  it  was  delivered  to  the  owner 
and  placed  under  observation.  After  about  a  year  had  elapsed  neither 
the  horse  nor  the  owner  could  be  located. 

Experiment  16. — Horse  90.     Weight  216  kilograms. 

July  Sy  1988. — Received  in  the  clinic  of  the  College  of  Veterinary  Science 
with  the  complaint  of  anorexia  and  general  debility.  Blood  positive  ( +  + ) 
for  surra  trypanosomes.  Given  3  grams  of  naganol  intravenously  in  10 
per  cent  concentration. 

July  U' — Blood  negative.  Temperature  39.9°  C.  (Edematous  swellings 
noted  same  as  in  above  experiment.  Given  1.3  grams  of  sodium  antimony 
tartrate. 

July  5. — Blood  negative.  Temperature  40°  C.  Animal  quite  depressed 
with  poor  appetite.  Head  carried  low.  Given  hypodermically  I  grain  of 
strychnine  sulphate  in  4  cc  of  sterile  distilled  water. 

July  6. — Blood  negative.  Temperature  39.3°  C.  Appetite  slightly  im- 
proved.    Strychnine  injection  repeated. 

July  7. — Blool  negative.  Temperature  38.7°  C.  Treated  with  strych- 
nine sulphate. 

July  8. — Blood  negative.  Temperature  38.4°  C.  Strychnine  sulphate 
given. 

July  9. — Blood  negative.  Temperature  40.3°  C.  Appetite  poor;  animal 
dull. 

July  10. — Blood  negative.  Temperature  38.5°  C.  Animal  depressed, 
with  marked  pneumonic  symptoms. 

July  11. — Blood  negative.     Temperature  40°  C.     Condition  unchanged. 

July  12. — Animal  found  dead  in  the  morning.  Autopsy  revealed  both 
lungs  badly  hepatized. 

For  the  sake  of  clarity  some  of  the  results  of  the  experiments 
were  condensed  and  are  given  in  Tables  1  and  2. 

THE   TREATMENT   OF    BORNEO    HORSES    NATURALLY   INFECTED   WITH    SURRA 

WITH  SIMULTANEOUS  INJECTIONS  OF  NAGANOL  AND 

SODIUM-ANTIMONY  TARTRATE 

Experiment  17, — Because  of  the  encouraging  results  obtained 
with  the  simultaneous  treatment  of  naganol  and  sodium-anti- 
mony tartrate  in  artificially  and  naturally  infected  horses  in  the 
Islands,  this  treatment  was  tried  with  the  field  cases  of  surra 
among  horses  encountered  in  the  British  North  Borneo  (char- 
tered) Company  at  the  time  (summer  of  1938)  the  author  was 
detailed  in  that  territory. 
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The  principal  vector  in  this  outbreak  of  surra  was  a  brown 
horsefly  which  answered  closely  the  description  of  Tabanus  fu- 
mifer  Walker.^ 

The  following  is  a  summary  of  the  clinical  manifestations  ob- 
served in  these  animals.  During  the  early  stage  of  the  disease 
practically  no  clinical  manifestations  were  visible,  save  a  variable 
appetite  and  intermittent  fever.  In  the  course  of  time  progres- 
sive emaciation  developed.  There  were  periods  when  the  ani- 
mal was  depressed  and  lethargic  and  showed  accelerated  respi- 
ration and  an  augmented  heart  beat.  The  jugular  vein  pulse 
in  some  cases  was  decidedly  prominent.  The  mucous  membrane 
was  either  injected,  icteric,  or  pale,  the  last  being  noticeable 
during  the  last  stage  of  the  disease.  Urticaria  was  an  occa- 
sional symptom.  (Edema  of  the  pendant  portions  of  the  body 
was  noted  in  protracted  cases,  although  not  usually  prominent. 
During  the  course  of  the  disease  some  of  the  animals  appeared 
to  improve  and  the  symptoms  seemed  to  subside,  only  to  give  way 
to  alarming  manifestations  later.  In  the  last  stage  of  the  dis- 
ease the  gait  was  observed  to  be  unsteady  (off  their  feet)  with 
a  decided  knuckling  of  the  fetlocks,  indicative  of  nervous  com- 
plications. Tow^ard  the  end  the  animal  was  not  able  to  main- 
tain a  standing  position.  A  case  was  noted  in  the  course  of 
this  investigation  where  the  pony  developed  convulsions  and 
coma  before  death. 

While  in  Kudat  district  10  horses  were  noted  positive  for 
surra,  in  Kota  Belud  district  92  animals  were  noted.  Most  of 
these  positive  horses  showed  no  clinical  symptoms  of  the  dis- 
ease. The  presence  of  the  causative  agent  in  the  blood  revealed 
by  microscopic  examination  of  the  moist  blood  preparation  was 
the  only  indication  of  the  disease  in  question.  In  other  words, 
the  majority  of  cases  were  in  the  first  stage  of  the  disease. 
Since  all  the  infested  animals  in  Kudat  district  were  mature 
horses,  they  were  each  given  a  simultaneous  injection  of  naga- 
nol  and  sodium-antimony  tartrate  in  doses  of  2  grams  and  1.3 
grams,  respectively.  Out  of  the  10  treated  animals  only  2  sur- 
vived, according  to  a  letter  received  June  19,  1939,  after  over  a 
year  of  observation.  In  Kota  Belud  district  90  of  the  92  surra- 
positive  individuals  were  actually  given  the  naganol-sodium-an- 
timony  treatment;  2  other  horses  were  killed  due  to  the  ad- 

®  Determined  by  Dr.  Alan  Stone,  Associate  Entomologist,  Division  of  In- 
sect Identification,  Bureau  of  Entomology  and  Plant  Quarantine,  United 
States  Department  of  Agriculture,  Washington,  D.  C. 
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vanced  condition  of  the  disease.  Observing  that  the  horses 
treated  showed  no  alarming  signs  of  drug  intoxication  the  doses 
of  the  drugs  for  the  adult  horses  were  increased  up  to  3  grams 
for  naganol  and  1.5  grams  of  sodium-antimony  tartrate.  This 
increased  dosage  was  especially  indicated  in  those  individuals 
that  were  in  good  condition  and  showing  no  indication  of  the 
disease  except  a  positive  microscopic  examination  of  the  blood. 
For  animals  about  1  year  old  the  dose  was  reduced  to  1  gram 
naganol  and  0.5  gram  sodium-antimony  tartrate.  Of  the  90 
treated  animals,  61  were  still  living  after  observation  for  405 
days.^ 

All  of  the  animals  treated  showed  symptoms  of  naganol  pois- 
oning in  the  form  of  periproctitis,  which  disappeared  in  about 
20  days.  In  some  cases  which  showed  oedema  of  the  pendant 
portion  of  the  abdomen  at  the  time  of  medication,  this  symp- 
tom was  aggravated  on  treatment  but  later  subsided  complete- 
ly. It  was  reported  that  those  which  failed  to  respond  favor- 
ably to  the  treatment  showed  nervous  complications  mainly  in 
the  form  of  paresis  of  the  hind  quarters  before  death. 

DISCUSSION 

Treatment  of  equine  surra  with  simultaneous  injection  of 
naganol  and  atoxyl, — Although  the  terminal  result  of  each  of 
the  horses  used  in  experiments  1  to  7  was  death,  horse  77  in 
experiment  3  showed  indications  of  apparent  recovery  at  least 
in  terms  of  the  length  of  time  the  animal  survived  after  treat- 
ment was  given.  In  this  case  the  horse  lived  approximately  10 
months.  Further,  the  infecting  organism  was  recovered  from 
the  animal  neither  by  repeated  blood  examination  nor  by  lab- 
oratory animal  inoculations.  On  the  other  hand,  the  results 
of  the  complement-fixation  tests  performed  at  various  times 
during  the  observation  period  fluctuated  time  and  again.  There 
was  a  time  when  it  was  negative  (June  5,  1936)  but  it  became 
positive  before  the  animal  died.  The  weakness  of  the  hind  legs 
which  developed  during  the  last  days  of  its  life  suggests  that 
nervous  complications  had  set  in.  In  horses  76  and  80  the  or- 
ganisms were  recovered;  in  the  former  by  animal  inoculation 
and  in  the  later  by  both  microscopic  examination  of  the  blood 

^  Thanks  are  extended  to  Mr.  W.  G.  Higgins,  district  agricultural  officer, 
and  his  assistant,  Mr.  J.  Leaiio,  for  furnishing  me  a  report  on  the  final 
result  of  the  treatment  of  surra  in  British  North  Borneo. 
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and  animal  inoculation.  While  horses  75  and  76  were  given 
fractional  doses  spread  over  a  period  of  21  days,  horses  77  to 
81  were  given  simultaneous  single  large  doses.  The  results  ob- 
tained in  each  group  show  no  significant  difference.  Lastly,  the 
results  recorded  in  experiments  1  to  7,  in  connection  with  the 
giving  of  naganol  and  atoxyl  in  subtoxic  doses  as  a  treatment 
against  surra,  do  not  support  the  findings  of  Bubberman,  Dou- 
wes,  van  Bergen,  and  Zijp  and  Bubberman  in  the  Dutch  East 
Indies,  who  recorded  satisfactory  results  in  the  treatment  of 
the  disease.  These  contradictory  results  may  be  attributed  to 
a  diflference  in  virulence  between  the  strain  of  trypanosome  used 
in  the  above  series  of  experiments  and  that  used  in  the  Dutch 
East  Indies,  as  well  as  to  the  stage  of  the  disease  when  treatment 
was  instituted. 

Treatment  of  equine  surra  with  simultaneous  injection  of  na- 
ganol and  sodium-antimony  tartrate. — Of  the  five  experimentally 
infected  native  horses  subsequently  treated  with  a  combined  in- 
jection of  naganol  and  sodium-antimony  tartrate,  2  recovered 
from  surra  infection  (Horses  86  and  87).  While  horse  86  is 
still  living  at  the  present  writing,  in  excellent  condition  and 
without  trace  of  the  disease,  horse  87  was  also  in  good  health 
when  killed  for  anatomy  specimen  after  approximately  1  year 
and  10  months  posttreatment  observation.  The  three  other 
animals  died  as  a  result  of  drug  intoxication  (horses  82,  83, 
and  84) .  Of  the  three  horses  that  succumbed  as  a  result  of  the 
treatment  one  animal  (horse  82)  collapsed  shortly  after  the 
injection  of  sodium-antimony  tartrate.  In  view  of  this  un- 
toward result,  in  experiments  performed  later  naganol  was  in- 
jected first  and  the  sodium-antimony  salt  last.  In  fact,  when 
the  condition  of  the  animal  was  weakened  considerably  as  a 
result  of  the  disease,  the  second  injection  was  administered  the 
day  following.  Incidentally,  the  above  observation  finds  a  cer- 
tain amount  of  support  in  the  findings  of  Edwards (5)  on  the 
use  of  tartar  emetic  as  a  trypanocidal  agent.  In  some  of  the 
cases  of  this  worker  injection  of  tartar  emetic  was  followed  by 
drastic  results,  even  sudden  death.  This  investigator  attrib- 
uted this  untoward  effect  to  either  the  occlusion  of  the  blood 
capillaries  or  the  liberation  of  toxic  substances  from  the  dead 
trypanosomes.  The  results  obtained  in  horse  84  suggest  that 
the  simultaneous  injection  of  naganol  and  sodium  antimony  tar- 
trate should  not  be  repeated  within  13  days  after  the  first 
treatment.  Horse  85  died  before  treatment  was  given  due  main- 
ly to  the  emaciated  condition  at  the  time  of  infection,  and  hence 
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must  be  considered  a  poor  risk.  Of  the  three  naturally  infected 
horses  one  recovered,  one  was  killed,  and  the  third  died  (Table 
2) .  Failure  to  effect  recovery  in  horse  88  was  principally  due 
to  comparatively  small  doses  of  the  drugs.  Horse  90  died  9 
days  after  the  second  injection,  not  as  a  result  of  the  direct  toxic 
effects  of  the  drugs  but  due  to  a  complicating  double  pneumonia. 

The  results  obtained  in  both  artificially  and  naturally  infected 
surra  animals  in  experiments  8  to  16,  where  3  out  of  9  horses 
recovered  from  the  disease,  warrant  the  statement  that  naganol- 
sodium-antimony  tartrate  is  decidedly  better  than  the  naganol 
and  atoxyl  combination.  Moreover,  the  present  findings  are 
in  agreement  with  those  of  C.  Kahan  Singh  in  India,  Bakker 
in  the  Netherland  Indies,  and  Topacio  in  the  Philippines. 

Treatment  of  equine  surra  in  British  North  Borneo  with  the 
naganol-sodium-antimony-tartrate  therapy, — Reference  to  ex- 
periment 17  conducted  in  British  North  Borneo  at  the  time  the 
writer  was  engaged  in  the  control  of  surra  in  that  territory 
furnished  further  data  supporting  the  efficacy  of  the  treatment 
above  discussed.  In  Kudat  district,  of  the  10  horses  treated  2 
were  reported  living  after  over  a  year  of  observation.  On  the 
other  hand,  in  Kota  Belud  district  out  of  90  surra-positive  ani- 
mals subjected  to  naganol-sodium-antimony  tartrate  therapy  61 
were  still  alive  after  a  lapse  of  more  than  one  year  posttreatment 
observation.  In  view  of  the  disparity  in  the  number  of  the 
treated  surra  animals  in  the  two  districts,  a  comparative  study 
of  the  significant  difference  in  the  result  of  the  treatment  seems 
useless.  However,  the  high  mortality  in  the  Kudat  district  and 
the  great  number  of  recoveries  in  the  district  of  Kota  Belud  may 
be  attributed  (a)  to  the  fact  that  the  doses  given  the  horses  in 
Kudat  were  comparatively  smaller  than  those  given  in  Kota  Be- 
lud district  (while  the  dose  administered  in  the  former  among 
adult  individuals  was  2  grams  and  1.3  grams  of  naganol  and 
sodium-antimony  tartrate,  respectively,  in  Kota  Belud  the  dose 
was  3  grams  of  naganol  and  1.5  grams  of  the  antimony  salt)  ; 
(6)  as  the  disease  was  first  observed  in  Kudat,  it  is  not  unlikely 
that  most  of  the  surra  treated  animals  were  in  a  more  advanced 
state  than  those  of  Kota  Belud  in  general,  although  the  mani- 
festations did  not  show  it. 

Summing  up  all  cases  treated,  100  horses  were  given  the 
naganol-sodium-antimony  tartrate  combinations.  Of  this  num- 
ber, 63  animals  recovered  from  the  disease.  In  terms  of  per- 
centage a  recovery  of  63  per  cent  is  attained  as  a  result  of  the 
drug  intervention. 
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SUMMARY  AND  CONCLUSIONS 

Experiments  designed  to  test  the  relative  value  of  the  naganol 
and  atoxyl  combination  against  naganol-sodium  antimony  tar- 
trate therapy  in  the  treatment  of  equine  surra  were  performed. 

It  has  been  found  that  naganol-atoxyl  therapy,  beyond  pro- 
longing the  course  of  the  disease,  is  valueless  as  a  treatment  of 
surra.  On  the  other  hand,  when  naganol  is  combined  with  so- 
dium-antimony tartrate  and  administered  in  nonlethal  but 
slightly  toxic  doses,  two  out  of  five  artificially  infected  surra 
horses  and  one  out  of  three  naturally  infected  animals  recovered 
from  the  disease.  Furthermore,  from  the  field  trial  carried 
out  in  British  North  Borneo  during  the  summer  of  1938,  of  the 
100  horses  naturally  infected  and  actually  given  the  naganol 
sodium-antimony-tartrate  combination,  63  were  cured  of  surra. 

The  above  results  lead  to  the  conclusion  that  the  naganol- 
sodium-antimony-tartrate  therapy  is  superior  to  the  naganol 
and  atoxyl  combination  in  the  chemotherapy  of  equine  surra. 
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TREMATODE  PARASITES  OF  PHILIPPINE  VERTE- 
BRATES,  IX 

FLUKES  FROM  THE  DOMESTIC  FOWL  AND  OTHER  BIRDS 

By  Marcos  A.  Tubangui  and  Victoria  A.  Masilungan 
Of  the  Bureau  of  Science^  Manila 

THREE  PLATES 

Family  NOTOCOTYLIDiE  Luehe,  1909 

NOTOCOTYLUS  INTESTINALIS  Tubangui,  1932. 

A  single  specimen  of  this  parasite  was  found  in  the  intestinal 
contents  of  a  native  chicken.  This  trematode  was  originally 
described  by  Tubangui  (16)  from  the  intestine  of  a  domestic 
duck. 

Host. — Gallus  gallus  domesticus. 

Location, — ^Intestine. 

Locality. — Manila?  Philippines. 

Family  EUCOTYLID^  Skrjabin,  1924 

TAMERLANIA  BRAGAI  Dos  Santos,  1934.    Plate  2.  fig.  1. 

This  trematode  is  also  represented  by  a  single  specimen  found 
in  sedimented  material  prepared  from  the  intestinal  contents 
of  a  domestic  pigeon.  Since  the  normal  habitat  of  flukes  of  this 
type  is  the  urinary  tract,  it  may  be  assumed  that  the  worm  es- 
caped from  one  of  the  kidneys  or  ureters  of  the  host  during 
dissection  and  became  mixed  with  the  intestinal  contents. 
Compared  with  the  members  of  the  genus  Tamerlania  Skrjabin 
as  listed  by  Penner  (1935)  it  shows  great  similarity  to  T.  bragai 
Dos  Santos  (1934),  a  parasite  of  pigeons  and  chickens  in  Brazil. 

Description. — Body  2.5  by  0.4  millimeters.  Cuticle  armed 
with  numerous  small  spines.  Oral  sucker  0.2  millimeter  across ; 
pharynx  0.08  by  0.1  millimeter;  oesophagus  absent;  intestinal 
cseca  uniting  immediately  behind  posterior  level  of  vitellaria. 

Testes  small,  oval,  symmetrical,  immediately  postovarial,  in 
middle  of  second  fourth  of  body  length,  0.12  to  0.14  by  0.09  to 
0.11  millimeter.  Seminal  vesicle  anterior  to  and  partly  over- 
lapped by  ovary.     Genital  pore  not  seen. 
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Ovary  multilobular,  larger  than  either  testis.  Vitellaria 
mostly  extracsecal,  extending  from  immediately  behind  level  of 
intestinal  fork  to  junction  of  middle  and  last  thirds  of  body 
length.  Uterus  very  well  developed,  its  coils  filling  up  most  of 
space  behind  intestinal  fork.  Eggs  30  to  33  by  12  to  13  mi- 
crons. 

Host, — Domestic  pigeon. 

Location. — Kidney. 

Locality, — Manila  ?  Philippines. 

Family  PLAGIORCHIID^  Luehe,  1901 

PROSTHOGONIMUS  PSEUDOPELLUCIDUS  sp.  nov.    Plate  1,  figs.  1  and  2. 

Numerous  specimens  of  this  fluke  were  collected  from  the 
bursa  Fabricii  of  native  chickens  purchased  from  the  different 
markets  in  Manila.  More  than  200  birds  were  examined  dur- 
ing May  and  June,  1940,  and  of  these  about  8  per  cent  were 
found  harboring  the  parasite.  We  were  unable  to  determine 
the  exact  origin  of  the  hosts  due  to  the  fact  that  the  chickens 
sold  in  Manila  come  from  different  localities  in  the  Islands. 

Description. — Body  ovate,  4.2  to  5.3  by  1.9  to  3.6  millime- 
ters. Cuticle  armed  with  small  spines.  Oral  sucker  subter- 
minal,  0.3  to  0.5  millimeter  across ;  acetabulum  0.4  to  0.6  milli- 
meter in  diameter,  between  anterior  and  middle  thirds  of  body 
length.  Average  sucker  ratio  1  to  1.2.  Prepharynx  very  short; 
pharynx  0.10  to  0.13  by  0.13  to  0.17  millimeter;  oesophagus  0.18 
to  0.29  millimeter  long;  intestinal  cseca  reaching  posteriorly  to 
level  midway  between  posterior  border  of  testes  and  posterior 
end  of  body  or  slightly  behind  that  level. 

Testes  symmetrical,  entire,  oval,  postovarial,  at  or  near  mid- 
dle of  body  length,  0.42  to  0.64  by  0.29  to  0.37  millimeter.  Cir- 
rus pouch  elongated,  slightly  coiled,  0.9  to  1.1  by  0.06  to  0.08 
millimeters,  extending  posteriorly  to  or  a  little  beyond  intestinal 
bifurcation  and  inclosing  the  long  seminal  vesicle,  poorly  de- 
veloped prostate,  and  short  cirrus.  Genital  pore  at  anterior 
end  of  body,  lateral  to  oral  sucker. 

Ovary  lobulated,  with  11  to  25  clustered  lobes,  0.4  to  0.5 
by  0.5  to  0.58  millimeter,  immediately  behind  and  partly  over- 
lapped by  acetabulum  and  slightly  to  one  side  of  median  line. 
Ootype  complex,  adjacent  to  posteromedial  border  of  ovary; 
shell  gland  very  prominent,  receptaculum  seminis  and  Laurer's 
canal  present.  Uterus  loosely  coiled,  at  posterior  half  of  body 
length,  behind  ovary  and  testes;  no  uterine  coils  in  front  of 
acetabulum.    Vitelline  follicles  tend  to  be  arranged  in  clusters, 
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of  which  there  are  7  or  8  on  the  left  side  and  9  to  12  on  the 
right  side;  they  extend  from  a  httle  in  front  of  the  anterior 
level  of  the  acetabulum  to  the  level  of  the  testes  or  more  pos- 
teriorly. Eggs  oval,  yellowish,  operculated,  22  to  24  by  13  to 
13.5  microns,  with  spine  at  aboperculated  end. 

Excretory  pore  posteroterminal  Excretory  bladder  charac- 
teristically Y-shaped. 

Host. — Gallus  gallus  domesticus. 

Location, — Bursa  Fabricii. 

Locality. — Manila?  Philippines. 

Type  specimens. — Philippine  Bureau  of  Science  parasitology 
ical  collection  No.  602. 

Of  the  previously  described  species  in  the  genus  Prosthogo- 
nimus  listed  by  MacyO)  and  Witenberg(2l)  the  parasite  from 
the  Philippine  chicken  resembles  only  P.  pellucidus  in  having 
the  acetabulum  as  large  as  or  only  insignificantly  larger  than 
the  oral  sucker.  In  the  other  members  of  the  genus  the  ace- 
tabulum is  at  least  two-and-a-half  times  the  size  of  the  oral 
sucker.  Prosthogonimus  pseudopellucidus  may,  however,  be 
distinguished  from  its  near  relative  by  the  smaller  size  of  the 
eggs,  the  equatorial  position  of  the  testes,  and  the  extent  of  the 
intestinal  caeca  and  vitellaria,  the  latter  reaching  anteriorly  be- 
yond the  level  of  the  anterior  border  of  the  acetabulum.  In 
Prosthogonimus  pellucidus  the  vitellaria  do  not  reach  anterior- 
ly beyond  the  level  of  the  posterior  border  of  the  acetabulum, 
the  testes  lie  behind  the  middle  of  the  body  length,  and  the 
intestinal  caeca  extend  to  near  the  posterior  end  of  the  body. 

PROSTHOGONIMUS  CUNEATUS    (Rudolphi,   1809).     Plate  1,  fig.  3. 

A  single  specimen  of  this  trematode,  measuring  3.8  by  1.7 
millimeters,  was  obtained  from  a  chicken.  It  agrees  with  the 
description  of  Prosthogonimus  cuneatus  (Rudolphi,  1809),  as 
given  by  Braun,(2)  except  that  it  is  smaller  and  its  vitellaria 
extend  more  towards  the  anterior  end  of  the  body  and  show  a 
tendency  to  form  clusters. 

Host. — Gallus  gallus  domesticus. 

Location. — Bursa  Fabricii. 

Locality. — Manila?,  Philippines. 

Family  ECHINOSTOMATID^  Looss,  1902 

ECHINOSTOMA  REVOLUTUM   (Froelich,  180J). 

This  trematode  has  been  reported  by  Tubangui  (16)  from  the 
Philippine  domestic  duck  and  experimental  pigeons.    The  same 
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writer  also  determined  that  the  parasite  utilizes  the  snail,  Lym- 
nxa  (Radix)  stvinhoe  var.  quadrasi  von  Moellendorff,^  as  pri- 
mary and  secondary  intermediate  host. 

Host — Gallus  gallus  domesticus. 

Location. — Intestine. 

Locality. — Manila?,  Philippines. 

EPISTHMIUM  GALLINUM  sp.  nov.     Plate  3,  fig.  1. 

A  single  specimen  of  this  trematode  was  found  in  the  bursa 
Fabricii  of  a  chicken.  It  is  apparently  a  very  rare  parasite  of 
chickens,  for  we  have  made  repeated  attempts  to  secure  addi- 
tional material  with  negative  results. 

Description. — Body  1.1  by  0.4  millimeters;  dorsal  surface  up 
to  level  of  anterior  border  of  acetabulum  and  ventral  surface 
to  level  of  second  testis  covered  sparsely  with  spines.  Oral 
sucker  subterminal,  0.1  millimeter  in  diameter;  acetabulum 
equatorial,  0.13  millimeter  across.  Cephalic  collar  vestigial,  0.17 
millimeter  across;  collar  spines,  of  which  only  four  are  visible 
on  each  side,  poorly  developed,  15  microns  long,  only  slightly 
larger  than  body  spines.  Prepharynx  very  short ;  pharynx  0.08 
by  0.09  millimeter;  oesophagus  0.17  millimeter  long;  intestinal 
caBca  reaching  to  near  posterior  end  of  body. 

Testes  postovarial,  in  middle  of  last  third  of  body  length,  one 
immediately  and  obliquely  behind  the  other ;  anterior  testis  me- 
dian, more  or  less  circular  in  outline,  0.16  millimeter  in  diam- 
eter ;  posterior  testis  displaced  to  right  side  of  median  line,  oval, 
0.16  by  0.1  millimeter.  Cirrus  sac  small,  pyriform,  0.08  by  0.07 
millimeter,  on  right  side  of  median  line,  immediately  in  front 
of  acetabulum  and  inclosing  small  seminal  vesicle,  poorly  devel- 
oped pars  prostatica,  and  short  cirrus.  Genital  pore  median, 
about  midway  between  intestinal  fork  and  anterior  border  of 
acetabulum. 

Ovary  small,  subglobular,  0.09  by  0.08  millimeter,  to  right 
side  of  median  line,  about  midway  between  acetabulum  and  first 
testis.  Shell  gland  very  profuse,  between  ovary  and  anterior 
testis,  stretching  transversely  from  one  inner  csecal  wall  to  the 
other.  Uterus  short,  with  few  (2)  eggs.  Vitellaria  moderately 
developed,  mostly  extracsecal,  extending  from  immediately  in 
front  of  level  of  oesophageal  bifurcation  to  posterior  end  of  body; 

^  According  to  the  nomenclature  used  by  Bequaert  and  Clench (i) 
for  Philippine  lymnaeid  snails,  this  should  be  the  name  of  the  mollusc 
which  was  designated  by  Tubangui  (1932)  as  Lymnsea  peregra  (Mueller). 
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they  meet  anteriorly  and  posteriorly.  Eggs  oval,  yellowish, 
operculated,  82  to  98  by  49  to  56  microns. 

Host. — Gallus  gallus  domesticus. 

Location. — Bursa  Fabricii. 

Locality. — Manila?,  Philippines. 

Type  specimen. — Philippine  Bureau  of  Science  parasitological 
collection  No.  605. 

The  genus  Episthmium  Luehe,  1909,  is  regarded  by  Odhner(lO) 
and  Fuhrmann(6)  as  a  synonym  of  the  genus  Echinochasmus 
Dietz,  1909.  In  placing  our  species  in  the  former  genus  we 
have  merely  followed  Travassos,(l8)  who  described  a  closely  re- 
lated parasite  of  the  chicken  in  Brazil  under  the  name  Episth- 
mium oscari.  If  both  the  Brazilian  and  Philippine  helminths 
possessed  well-developed  cephalic  collars  and  spines,  they  would 
be  generically  related  to  a  parasite  of  the  dog  in  India  which 
Verma(i9)  described  under  the  name  Episthochasmus  caninum. 
Episthmium  gallinum  differs  from  E.  oscari  only  in  the  very 
small  dimensions  of  its  body,  its  various  organs,  and  eggs. 

Family  BRACHYL^MID-^  Joyeux  and  Foley,  1930 

Syn.:  HARMOSTOMID^  Witenberg,  1925 

BRACHYL^MUS  MALAYENSIS  sp.  nov.     Plate  2,  fig.  2. 

Two  adult  specimens  of  this  trematode  were  collected  from  a 
chicken.  The  parasite  should  have  been  placed  in  the  genus 
Harmostomum  Braun,  1899,  but,  according  to  Joyeux  and  Foley, 
(7)  the  older  generic  name  Brachylsemus  Dujardin,  1843,  refers 
to  the  same  group  of  helminths. 

Description. — Body  elongated,  2  to  2.2  by  0.45  to  0.5  milli- 
meters. Cuticle  armed  with  minute  spines  from  anterior  end  to 
near  posterior  end  of  body.  Oral  sucker  subterminal,  0.22  by 
0.24  to  0.28  by  0.23  millimeter ;  acetabulum  slightly  larger  than 
oral  sucker,  circular  in  outline,  0.28  to  0.31  millimeter  across, 
at  junction  of  anterior  and  middle  thirds  of  body  length.  Mouth 
opening  slitlike,  longitudinal;  prepharynx  tubular,  very  short; 
pharynx  globular,  0.13  millimeter  across;  oesophagus  absent; 
intestinal  cseca  very  irregularly  twisted,  serpentine,  reaching  to 
near  posterior  end  of  body. 

Testes  tandem,  near  posterior  end  of  body,  their  margins  en- 
tire; anterior  testis  0.2  to  0.22  by  0.28  to  0.32,  posterior  testis 
0.22  to  0.24  by  0.26  to  0.28  millimeter.  Vesicula  seminalis  long 
and  coiled,  immediately  in  front  of  first  testis.  Cirrus  sac  oval, 
to  one  side  of  median  line,  0.15  to  0.19  by  0.07  to  0.08  milli- 
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meter.     Genital  pore  median  or  slightly  to  one  side  of  median 
line,  immediately  in  front  of  first  testis. 

Ovary  transversely  oval,  intertesticular,  to  one  side  of  median 
line,  0.12  to  0.13  by  0.18  to  0.22  millimeter.  Transverse  vitel- 
line ducts  as  well  as  vitelline  reservoir  and  shell  gland,  both 
of  which  are  inconspicuous,  ventral  to  ovary.  Uterus  long,  with 
ascending  and  descending  transverse  coils,  occupying  most  of 
intercsecal  space  in  front  of  anterior  testis  but  not  extending 
beyond  acetabular  level.  Vitelline  follicles  lateral  and  mostly 
extracsecal,  extending  from  middle  level  of  acetabulum  to  an- 
terior border  of  first  testis  or  a  little  in  front  of  that  level. 
Eggs  small,  oval,  operculated,  yellowish  to  brownish,  21  to  23 
by  11  to  13  microns. 

Excretory  pore  posterodorsal. 

Host — Gallus  gallus  domestictis. 

Location, — Cloaca. 

Locality. — Manila?,  Philippines. 

Type  specimens, — Philippine  Bureau  of  Science  parastiologi- 
cal  collection  No.  609. 

The  Philippine  parasite  needs  only  to  be  compared  with  the 
following  trematodes  which  have  been  reported  from  chickens 
in  different  parts  of  the  world  and  with  which  it  is  most  closely 
related:  Brachylsemus  commutatus  (Diesing,  1858)  in  southern 
Europe  and  northern  Africa;  B,  gallinus  (Witenberg,  1923)  in 
Russian  Turkestan;  B.  annamensis  (Railliet,  1924)  in  French 
Indo-China;  B.  horizawai  (Ozaki,  1925)  in  Japan;  and  B.  ha- 
waiiensis  (Guberlet,  1928)  in  Hawaii.  The  zoological  status  of 
these  various  trematodes  is,  however,  under  question.  Accord- 
ing to  Yamaguti(22)  B,  horizawai  is  identical  with  B.  gallinus, 
while,  according  to  Sinitsin(l4)  both  J5.  gallinus  and  B.  hawaii- 
ensis  are  synonyms  of  B,  commutatus.  Dollfus,(5)  on  the  other 
hand,  recognizes  only  J5.  commutatus  as  valid  and  regards  all 
the  other  forms  either  as  synonyms  or  as  varieties  of  that  spe- 
cies. Brachylsemus  malayensis  differs  from  these  different  pa- 
rasites in  the  relative  sizes  of  its  two  suckers,  the  shape  of  the 
oral  opening,  the  anterior  extent  of  the  uterine  coils,  and  the 
small  size  of  the  eggs.  , 

Family  CYATHOCOTYLID^  Poche,  1925 

MESOSTEPHANUS  FREGATUS  sp.  nov.    Plate  3,  fisr.  2. 

Description, — ^Body  0.6  to  1.3  millimeters  long  by  0.35  to  0.6 
millimeter  in  maximum  width  across  ovary ;  divided  into  a  wid- 
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ened  anterior  part  and  a  short  conical  posterior  part,  0,06  to 
0.11  millimeter  long;  lateral  borders  of  anterior  part  rolled  ven- 
trally  and  meeting  posteriorly  at  a  distance  of  0.25  to  0.35 
millimeter  from  posterior  end  of  body.  Cuticle  armed  with 
numerous  minute  spines.  Oral  sucker  0.034  to  0.053  by  0.037 
to  0.06  millimeter;  pharynx  0.026  to  0.04  by  0.026  to  0.037 
millimeter;  oesophagus  0.015  to  0.7  millimeter  long;  intestinal 
caeca  reaching  to  level  of  posterior  border  of  second  testis.  Ace- 
tabulum 0.03  to  0.53  by  0.04  to  0.064  millimeter,  at  junction 
of  anterior  and  middle  thirds  of  body  length.  Adhesive  organ 
oval,  0.15  to  0.16  by  0.11  to  0.13  millimeter,  a  short  distance 
behind  acetabulum,  with  a  longitudinal  depression. 

Testes  almost  tandem,  subspherical  to  oval;  anterior  testis 
partly  dorsal  to  adhesive  organ,  smaller  than  posterior  testis, 
0.11  to  0.24  by  0.14  to  0.24  millimeter,  its  anterior  border  usual- 
ly notched;  posterior  testis  0.16  to  0.3  by  0.18  to  0.27  milli- 
meter, its  posterior  border  sometimes  presenting  a  notch.  Cir- 
rus sac  elongated,  to  one  side  of  median  line,  0.3  to  0.44  by 
0.05  to  0.08  millimeter,  reaching  anteriorly  to  posterior  border 
of  first  testis  or  slightly  beyond  that  level  and  inclosing  coiled 
seminal  vesicle,  well-developed  pars  prostatica,  and  long  cirrus. 
Genital  pore  at  posterior  end  of  body,  directed  dorsally  and 
communicating  with  a  small  genital  sinus. 

Ovary  small,  0.07  to  0.1  by  0.06  to  0.1  millimeter,  to  one 
side  of  median  line  opposite  cirrus  sac,  adjacent  to  posterolat- 
eral border  of  first  testis.  Vitellaria  very  well  developed,  con- 
sisting of  large  roundish  or  irregularly  shaped  follicles  and  form- 
ing an  almost  complete  circle  around  adhesive  organ  and  first 
testis.  Uterus  short,  containing  1  to  7  eggs;  vaginal  sphincter 
moderately  developed.  Eggs  oval,  yellowish,  operculated,  86  to 
98  by  67  to  75  microns. 

Host — Fregata  ariel  arieU 

Location. — Small  intestine. 

Locality. — Obando,  Bulacan  Province,  Luzon. 

Type  specimens. — Philippine  Bureau  of  Science  parasitolog- 
ical  collection  No.  547. 

The  genus  Mesostephanus  Lutz,  1935,  comprises  the  following 
previously  described  species:  M.  appendiculatus  (Ciurea,  1916), 
M.  appendiculatoides  (Price,  1934),  M.  fajardensis  (Price, 
1934),  M.  milvi  Yamaguti,  1939,  and  M.  burmanicus  Chatterji, 
1940.  Compared  with  these,  M.  fregatus  bears  the  closest  re- 
semblance to  M.  appendiculatus  and  M.  milvi.     It  may  be  distin- 
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guished  from  M.  appendiculatus  by  the  more  profuse  development 
of  its  vitellaria,  the  more  anterior  position  of  its  acetabulum, 
and  its  slenderer  cirrus  sac;  and  from  M,  milvi  by  the  smaller 
size  of  its  cirrus  sac  and  adhesive  organ,  its  relatively  longer 
intestinal  cseca,  and  the  presence  of  a  vaginal  sphincter. 

MESOSTEPHANUS  HALIASTURUS  sp.  nov.     Plate  3,  fig.  3. 

Description, — Body  0.7  to  0.9  millimeter  long  by  0.3  to  0.4 
millimeter  in  maximum  width  across  ovary;  anterior  part  well 
expanded,  its  lateral  borders  rolled  ventrally  and  meeting  pos- 
teriorly at  a  level  0.18  to  0.25  millimeter  from  posterior  end  of 
body;  posterior  part  short,  0.05  to  0.11  millimeter  long.  Cuti- 
cle armed  with  numerous  small  spines.  Oral  sucker  subter- 
minal,  0.04  to  0.06  by  0.05  to  0.06  millimeter;  acetabulum  equa- 
torial, slightly  larger  than  oral  sucker,  0.05  to  0.07  millimeter 
in  diameter.  Pharynx  0.03  to  0.05  millimeter  across;  oesopha- 
gus 0.04  to  0.08  millimeter  long;  intestinal  cseca  extending  pos- 
teriorly as  far  as  junction  of  anterior  and  posterior  parts  of 
body.  Adhesive  organ  0.13  to  0.15  by  0.09  to  0.13  millimeter, 
with  a  longitudinal  depression. 

Testes  subglobular  to  oval,  tandem,  postequatorial ;  anterior 
testis  partly  dorsal  to  adhesive  organ,  0.08  to  0.11  by  0.09  to 
0.12  millimeter;  posterior  testis  0.08  to  0.11  by  0.10  to  0.13 
millimeter.  Cirrus  sac  elongated,  to  one  side  of  median  line, 
0.22  to  0.37  by  0.06  to  0.08  millimeter,  reaching  anteriorly  to 
middle  level  of  first  testis  or  even  beyond  that  level.  Genital 
pore  at  posterior  end  of  body,  directed  dorsally  and  communica- 
ting with  a  shallow  genital  sinus. 

Ovary  globular,  0.05  to  0.07  millimeter  in  diameter,  slightly 
to  one  side  of  median  line  opposite  cirrus  sac,  ventral  to  first 
testis.  Vitellaria  moderately  developed,  consisting  of  small 
elongate  follicles  and  forming  a  complete  ring  around  adhesive 
organ.  Uterus  short,  with  1  to  3  eggs;  vaginal  sphincter  well 
developed.  Eggs  oval,  yellowish,  operculated,  83  to  98  by  64 
to  83  microns. 

Host, — Haliastur  intermedins. 

Location, — Small  intestine. 

Locality, — Pampanga  Province,  Luzon. 

Type  specimens, — Philippine  Bureau  of  Science  parasitolog- 
ical  collection  No.  563. 

The  above  parasite  appears  to  be  very  closely  related  to  Me- 
sostephanus  appendiculatus  and  M,  appendiculatoides.  It  may 
be  distinguished  from  the  former,  however,  by  its  longer  oeso- 
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phagus  and  its  smaller  cirrus  sac,  adhesive  organ  and  eggs; 
and  from  the  latter  by  the  more  expanded  anterior  part  of  its 
body,  the  lateral  borders  of  which  are  rolled  ventrally. 
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ILLUSTRATIONS 

[Drawings  by  Baldomero  Escuardo.] 

Plate  1 

Fig.  1.  Prosthogoninms  pseudopellucidits  sp.  nov.,  entire  worm,  ventral 
view,  with  vitellaria  reaching  posteriorly  beyond  posterior  level 
of  testes. 

2.  Prosthogonimics   pseudopellucidus   sp.    nov.;    entire    worm,    ventral 

view,  with  vitellaria  extending  posteriorly  only  to  anterior  level 
of  testes. 

3.  Prosthogonimus  cuneatus    (Rudolphi,  1809) ;   entire  worm,  ventral 

view. 

Plate  2 

Fig.  1.  Tamerlania  bragai  Dos  Santos,  1934;  entire  worm,  ventral  view. 
2.  Brachylsemus  malayensis  sp.  nov.;  entire  worm,  ventral  view. 

Plate  3 

Fig.  1.  Episthmium  gallinum  sp.  nov.;  entire  worm,  ventral  view. 

2.  Mesostephanus  fregatus  sp.  nov.;  entire  worm,  ventral  view. 

3.  Mesostephanus  haliasturus  sp.  nov.;  entire  worm,  ventral  view. 
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CHEMICAL  STUDIES  ON  COCONUT  PRODUCTS,  IV 

FURTHER  DATA  ON  A  NEW  PROCESS  FOR  THE  EXTRACTION  OF 

COCONUT  OIL 

By  V.  G.  Lava,  P.  E.  Torres,  and  S.  Sanvictores 
Of  the  Bureau  of  Scieiice^  Manila 

ONE  TEXT  FIGURE 

In  a  previous  article  ^  it  has  been  pointed  out  that,  since  the 
present  manufacture  of  coconut  oil  involves  a  stage  (the  copra 
stage)  in  which  the  moisture  content  of  the  dried  coconut  meat 
cannot  easily  be  controlled  during  drying,  storage,  and  trans- 
portation, and  which  therefore  is  responsible  for  the  development 
of  molds,  copra  bugs,  and  other  contaminations,  and  for  the  con- 
sequent deterioration  of  the  quantity  and  quality  of  the  oil  and 
its  byproducts,  a  more  profitable  way  of  utilizing  the  coconut 
should  start  directly  with  the  fresh  meat.  It  has  also  been  shown 
in  the  article  cited  that  as  between  the  cage  hydraulic  press  and 
the  roller  mill  the  latter  gives  better  results  from  the  standpoint 
of  efficiency  of  oil  extraction. 

The  present  article  gives  more  detailed  data  on  the  extraction 
of  coconut  oil  emulsion  by  the  roller  mill.  The  experiments  on 
which  these  data  are  based  were  carried  out  beginning  March 
and  ending  June,  1940.  Various  factors  were  studied;  namely, 
effects  of  pressure,  water  dilution,  successive  order  of  pressing, 
and  particle  size. 

The  rollers  used,  made  of  cast  iron,  were  those  described  in 
the  article  cited  above,  except  that  their  effective  length  was 
decreased  from  28  to  24  inches,  due  to  certain  improvements 
made  necessary  for  preventing  the  flow  of  the  coconut  oil  emul- 
sion along  with  the  pressed  meat.  This  time,  however,  the 
amount  of  water  mixed  with  the  meat  was  definitely  controlled 
and  the  meat  and  water  were  thoroughly  mixed  before  being 
placed  on  the  feeder  which  was  actuated  by  a  cam. 

Unfortunately  these  rollers  were  not  equipped  with  a  pressure 
indicator,  and  our  results  cannot  therefore  be  expressed  in  terms 

1 V.  G.  Lava,  P.  E.  Torres,  and  S.  Sanvictores,  Chemical  Studies  on 
coconut  products,  III.     Philip.  Journ.  Sci.  74  (1941)   247-283. 
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of  definite  pressures ;  however,  in  view  of  the  nature  of  our  data, 
specially  those  referring  to  the  oil  content  of  the  dried  cake,  it 
should  not  be  difficult  to  duplicate  our  findings  with  rollers  which 
are  equipped  with  a  pressure  gage.^ 

EXPERIMENTAL  DATA 

Table  1  shows  the  effects  of  pressure  and  of  the  amount  of 
water  mixed  with  the  comminuted  coconut  meat  on  the  efficiency 
of  oil  extraction  and  on  the  time  of  extraction. 

The  rollers  had  a  speed  of  3.9  R.  P.  M. ;  the  water  used  was  such 
as  to  give  a  temperature  to  the  mixture  of  meat  and  water  of 
around  41  to  46°  C;  and  the  average  size  of  the  comminuted 
particles  of  coconut  meat  was  10.4  by  5  by  2.1  mm.  The  pres- 
sures indicated  are  all  empirical.  They  show  distances  from  a 
certain  fixed  stratum  to  a  movable  point  attached  to  the  upper 
roller,  and  thus  indicate  the  distances  to  which  the  springs  of 
the  rollers  have  been  pressed.  For  example,  the  difference  be- 
tween pressure  index  79  and  pressure  index  84  is  that  for  the 
latter  pressure  the  springs  have  been  further  pressed  a  distance 
of  5  mm.  In  all  the  experiments  in  Table  1,  50  nuts  were  used 
in  each  batch,  although  the  calculations  are  for  1,000  nuts. 

Due  to  the  comparatively  small  number  of  nuts  used,  and  the 
consequently  unreliable  determination  of  actual  oil  yield,  the 
method  used  in  this  work  for  calculating  the  efficiency  of  oil 
extraction  was  to  weigh  the  fresh  meat  and  the  cakes  produced, 
and  to  determine  the  water  and  oil  contents  of  samples  of  fresh 
meat,  and  of  the  coconut  cakes  from  the  first,  second,  and  third 
pressings.  From  these  data  the  amounts  of  oil  and  nonoil  solids 
extracted  from  the  fresh  meat  were  calculated,  and  the  efficiency 
of  oil  extraction  determined. 

Table  2  shows  the  effects  of  the  amount  of  water  mixed  with 
the  comminuted  meat  and  of  the  successive  order  of  pressures 
used,  on  the  efficiency  of  oil  extraction  and  on  the  time  of  ex- 
traction. Here  again  the  rollers  had  a  speed  of  3.9  R.  P.  M.  and 
the  average  size  of  the  comminuted  meat  was  10.4  by  5  by  2.1 
mm.  The  temperature  of  the  water  used  was  around  30°  C. 
In  all  the  experiments  in  Table  2  as  well  as  in  Table  4,  100  nuts 

2  Tests  made  by  the  Honolulu  Iron  Works,  Manila,  show  that  the  relation 
between  the  load  and  the  pressure  index  may  be  defined  by  the  linear  equa- 
y— 61 

tion  X  =  ,  where  x  =  load  in  kilograms,  and  y  =  pressure  index 

0.0082 
in  millimeters. 
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were  used  in  each  batch,  although  the  calculations  are  for  1,000 
nuts.  Ftom  Experiment  18  of  Table  2  to  the  end  of  the  experi- 
ments in  Table  4,  feeding  by  hand  alone  was  substituted  for 
feeding  with  the  help  of  a  cam. 

Table  3  not  only  gives  a  resume  of  Tables  1  and  2  but  also 
shows  the  effects  of  pressure  and  of  the  amount  of  water  mixed 
with  the  comminuted  meat,  on  the  oil  content  of  the  dried  pressed 
coconut  meat  (after  the  third  pressing) . 

Table  4  shows  the  effects  of  the  speed  of  the  rollers,  of  the 
average  size  of  the  particles  of  comminuted  meat,  and  of  pressure, 
on  the  efficiency  of  oil  extraction,  on  the  oil  content  of  the  dried 
pressed  coconut  meat,  on  the  time  of  extraction,  and  on  the 
amount  of  tailings  produced. 

In  Tables  1,  2,  and  4  the  weights  of  1,000  husked  nuts  and 
fresh  meat,  and  the  percentages  of  water,  total  obtainable  oil, 
and  nonoil  solids  are  given. 

The  possible  errors  in  measurements  of  weight  of  fresh  meat 
throughout  the  above  experiments  may  be  considered  not  more 
than  2  in  39  or  around  5  per  cent. 

DISCUSSION  OF  RESULTS 

In  Table  1,  for  the  same  pressure,  different  amounts  of  water 
were  used.  In  one  case  no  water  at  all  was  used.  In  the  first 
pressing,  and  50  per  cent  water,  based  on  the  weights  of  the 
pressed  meat,  in  the  second  and  third  pressings;  in  another 
case  50  per  cent  water  was  used  in  the  first  pressing,  based  on 
the  weight  of  the  fresh  meat,  and  50  per  cent  water,  based  on  the 
weights  of  the  pressed  meat,  in  the  second  and  third  pressings ; 
in  the  third  case  100  per  cent  water  was  used  in  the  first  pressing, 
based  on  the  weight  of  the  fresh  meat,  and  100  per  cent  water, 
based  on  the  weights  of  the  pressed  meat,  in  the  second  and  third 
pressings. 

Table  1  shows  that  while  the  less  the  amount  of  water  used 
for  mixing  with  the  meat  the  greater  is  the  degree  of  extraction 
of  oil,  especially  for  the  lower  pressures,  at  the  same  time  the 
period  of  extraction  becomes  longer  when  less  water  is  used. 
In  general,  when  50  per  cent  water  is  used  in  the  first  pressing, 
based  on  the  weight  of  the  fresh  meat,  the  period  of  extraction 
is  least;  and  for  the  second  and  third  extractions,  100  per  cent 
water,  based  on  the  weight  of  the  pressed  coconut  meat,  seems 
to  be  necessary  for  reducing  the  period  of  extraction  to  the 
minimum. 
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Table  1  also  shows  that  while  a  pressure  equivalent  to  our 
empirical  pressure  index  79  will  give  an  oil  extraction  of  73  to 
85  per  cent,  at  pressure  index  84  we  can  get  an  oil  extraction 
as  high  as  96  per  cent.  The  difference  in  the  use  of  these  two 
pressures,  from  the  standpoint  of  period  of  extraction,  is  that 
while  with  the  lower  pressure  around  20,000  nuts  per  day  of 
24  hours  can  be  pressed  by  the  rollers  used,  with  the  higher 
pressure  only  around  6,000  nuts  can  be  pressed  per  day. 

Table  2  confirms  the  above  conclusions.  In  Experiments 
15  and  16,  in  the  first  pressing,  when  no  water  is  mixed  with  the 
comminuted  meat,  although  the  degree  of  oil  extraction  is  com- 
paratively higher,  the  period  of  extraction  is  much  longer  than 
when  water  is  used.     Again  these  two  experiments  indicate  that 

50  per  cent  water  mixed  with  the  meat  before  pressing  gives 
good  results.  The  use  of  75  per  cent  water,  while  giving  a 
slightly  shorter  period  of  extraction,  has  also  the  effect  of  dilut- 
ing the  skimmed  coconut  milk  obtained  after  centrifuging  the 
coconut  oil  emulsion,  which  is  not  advisable,  especially  if  this 
skimmed  coconut  milk  byproduct  may  have  to  be  evaporated 
later. 

Experiments  15,  16,  and  17  show  clearly  that  a  high  pressure 
used  throughout  the  three  extractions  (82)  gives  a  higher  effi- 
ciency of  extraction  than  when  it  is  used  as  a  maximum  pres- 
sure only,  either  at  the  beginning  (82,  81,  80)  or  at  the  end  (80, 
81,  82).     This  result  is  also  verified  by  Experiments  20  and  21. 

Under  the  conditions  of  the  experiment  a  96  per  cent  oil  ex- 
traction can  be  obtained  with  a  pressure  index  of  84  throughout 
the  three  pressings  (Experiment  20),  at  a  rate  of  pressing  of 
around  5,500  nuts  per  day. 

From  Experiment  18,  in  Table  2,  up  to  the  end  of  the  ex- 
periments in  Table  4,  the  feeder  actuated  by  a  cam  was  taken 
away,  and  feeding  was  done  by  hand  alone;  this  change  was 
found  necessary  with  the  use  of  high  pressures,  since  the  con- 
sistency of  the  meat-water  mixture  apparently  prevented  a 
constant  and  continuous  feed  into  the  rollers  unless  the  mixture 
was  moved  back  and  forth  along  the  length  of  the  roller. 

In  the  case  of  the  extraction  of  nonoil  solids.  Table  2  shows 
that  while  with  pressure  index  82  (Experiment  15)  around  35 
per  cent  of  the  total  nonoil  solids  is  extracted,  with  pressure 
index  83   (Experiment  18)  the  degree  of  extraction  is  around 

51  per  cent,  and  with  pressure  index  84  (Experiment  20)  the 
degree  of  extraction  is  around  48  per  cent.     The  increase  in 
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the  extraction  of  nonoil  solids,  when  the  pressure  is  not  con- 
tinuously at  its  highest  (Experiments  16  and  17  as  compared 
with  Experiment  15)  requires  further  elucidation,  especially  in 
view  of  the  fact  that  in  Table  1  fairly  great  variations  were 
found  in  the  degree  of  extraction  of  these  nonoil  solids  with 
changes  in  the  amount  of  water  used  for  mixing  and  sometimes 
even  with  no  changes  at  all  in  the  amount  of  water. 

The  relation  between  the  efficiency  of  oil  extraction  and  pres- 
sure, from  Experiments  20,  18,  15,  7,  and  4  (Table  3),  is  plotted 
as  shown  in  text  fig.  1. 
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Fig.  1.    Percentage  of  coconut  oil  extraction  at  varioiis  pressures. 


The  average  percentage  of  water  mixed  with  the  fresh  meat 
for  the  first  pressing  in  Experiment  15  is  38  per  cent  instead  of 
50  per  cent,  and  the  percentage  of  water  mixed  with  the  pressed 
cake  in  the  second  and  third  extractions  in  Experiments  7  and 
4  is  50  per  cent  instead  of  100  per  cent,  but  analysis  of  Table  3 
shows  that  for  approximate  purposes  this  variation  in  the  wa- 
ter of  dilution  can  be  allowed.  The  curves  in  text  fig.  1  show 
that  the  relation  between  pressure  and  efficiency  of  oil  extrac- 
tion is  linear,  as  shown  definitely  by  the  curve  for  the  third  ex- 
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traction  of  oil,  although  this  relation  is  not  well  defined  in  the 
first  and  second  extractions.  Text  fig.  1  shows  that  with  a  pres- 
sure index  of  84.5  it  is  possible  to  raise  the  efficiency  of  oil  ex- 
traction after  three  pressings  to  98  per  cent. 

Table  3  also  shows  that  in  order  to  get  a  coconut  cake  con- 
taining 16  per  cent  oil  (dry  basis)  or  less,  a  pressure  index  of 
at  least  83  should  be  used  together  with  little  or  no  water  of 
dilution  in  the  first  pressing  (Experiment  9) .  A  pressure  index 
of  84  under  various  conditions  of  water  dilution  invariably  gives 
an  oil  content  of  less  than  16  per  cent  in  the  coconut  cake  after 
the  third  pressing  (Experiments  12,  13,  14,  and  20).  Since 
the  oil  content  of  pressed  coconut  meat  plays  an  important  role 
in  the  salability  of  the  cake,  especially  if  it  is  to  be  used  as 
human  food  and  is  to  be  stored  for  long  periods  of  time,  the  use 
of  the  proper  pressure  for  obtaining  a  cake  of  the  allowable 
minimum  oil  content  is  important.  On  the  other  hand,  if  it 
should  become  commercially  more  practical  to  merely  get  as  much 
oil  from  the  fresh  meat  as  possible,  leaving  a  pressed  coconut 
meat  comparable  to  copra  or  desiccated  coconut  in  oil  content,  it 
may  be  necessary  merely  to  press  the  fresh  meat  once  at  pres- 
sure index  79  to  81 ;  by  this  method  the  coconut  cake  will  have 
an  oil  content  of  48  to  57  per  cent,  and  the  percentage  of  oil  ex- 
tracted will  be  56  to  67  per  cent  (Experiments  3  to  8) . 

Table  4  shows  the  effects  of  the  other  factors,  such  as  speed 
of  rollers  and  size  of  particles  of  the  comminuted  meat.  With 
hand  feeding,  in  which  the  meat  is  moved  back  and  forth  along 
the  rollers,  and  in  which  no  extra  pressure  on  the  feed  is  exerted, 
the  speed  of  the  rollers  within  the  range  employed  has  no  ap- 
preciable effect  on  the  time  of  extraction.  However,  a  higher 
speed  apparently  increases  the  efficiency  of  oil  extraction  and 
decreases  the  oil  content  of  the  coconut  cake  (Experiments  18, 
21,  22,  and  23).  This  observation  is  subject  to  verification  in 
later  experiments,  when  the  feed  is  mechanized. 

Furthermore,  a  decrease  in  the  size  of  the  comminuted  meat 
has  clearly  the  effect  of  increasing  the  efficiency  of  oil  extraction 
and  of  decreasing  the  oil  content  of  the  pressed  coconut  meat 
(Experiments  26  to  30).  In  fact,  with  a  pressure  index  of 
84,  and  with  a  roller  speed  of  3.6  R.  P.  M.,  decreasing  the  size  of 
the  particles  to  5.9  by  1.8  by  0.9  mm  not  only  gives  an  oil  ex- 
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traction  efficiency  of  96  per  cent  after  three  pressings,  but  also 
raises  the  efficiency  of  oil  extraction  even  in  the  first  pressing  to 
88  per  cent.  Again,  however,  the  time  of  extraction  does  not 
seem  to  be  appreciably  altered  by  a  change  in  particle  size  under 
the  conditions  of  the  experiment.  The  only  drawback  to  a  de- 
crease in  the  size  of  particles  of  the  comminuted  meat  seems  to 
be  that  the  tailings  which  pass  through  the  roller  screen  but 
not  through  the  rollers  are  slightly  greater  in  quantity  (Experi- 
ments 29  and  30) ;  but  this  problem  of  reducing  the  tailings  to 
a  minimum  may  be  solved  mechanically. 

Tables  1,  2,  and  4  show  the  quality  of  the  nuts,  as  described 
by  the  season  during  which  they  are  picked  or  used,  by  their 
source,  by  their  weight,  by  the  weights  of  their  meat  and  of 
their  shells,  and  by  the  water  content,  oil  content,  and  nonoil- 
solids  content  of  the  fresh  meat.  These  characteristics  will  be 
discussed  more  fully  in  a  later  paper,  but  are  given  in  this  article 
in  order  to  permit  the  making  of  calculations  based  on  dried 
copra. 

SUMMARY 

1.  Mixing  water  with  coconut  meat  in  the  ratio  by  weight  of 
1  part  of  water  to  2  parts  of  the  fresh  comminuted  meat,  or  in 
the  ratio  of  1  part  of  water  to  1  part  of  the  pressed  coconut  meat 
gives  mixtures  with  fluidities  that  seem  to  be  best  adapted  for 
feeding  in  a  roller  press. 

2.  The  size  of  the  particles  of  comminuted  meat  affects  the 
degree  of  oil  extraction;  the  greater  the  size  the  less  the  effi- 
ciency of  extraction,  for  a  given  set  of  rollers.  As  high  as  88 
per  cent  oil  extraction  can  be  obtained  with  the  rollers  used  in 
one  pressing  if  the  meat  is  comminuted  to  an  average  size  of 
5.9  by  1.8  by  0.9  mm. 

3.  Under  conditions  of  more  or  less  continuous  hand  feeding 
a  pressure  that  after  three  pressings  produces  a  pressed  coconut 
meat  of  around  50  per  cent  oil  content  (dry  basis)  will  give  an 
oil  extraction  efficiency  of  about  73  per  cent.  If  this  pressure 
is  used  only  for  one  pressing,  the  oil  content  of  the  pressed  meat 
obtained  is  about  55  per  cent,  corresponding  to  an  oil  extraction 
efliciency  of  around  56  per  cent.  On  the  other  hand,  a  pressure 
that  after  three  pressings  produces  a  pressed  coconut  meat  of 
around  16  per  cent  oil,  will  give  an  oil  extraction  efficiency  of 
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around  96  per  cent.  If  this  latter  pressure  is  used  only  for  one 
pressing,  the  oil  content  of  the  pressed  meat  obtained  is  about 
32  to  42  per  cent,  corresponding  to  an  oil  extraction  efficiency 
of  about  81  to  88  per  cent.  Within  the  range  of  pressures  used 
the  efficiency  of  oil  extraction  increases  directly  with  pressure. 
The  selection  of  the  proper  pressure  to  adopt  will  depend  upon 
the  use  for  which  the  pressed  coconut  meat  is  intended. 

4.  Without  using  a  mechanical  feeder  in  conjunction  with  the 
rollers  (diameter,  10  inches;  effective  length,  24  inches),  the 
capacity  of  these  rollers  can  be  made  to  vary  from  5,500  to 
20,000  nuts  per  day,  depending  upon  whether  a  high  or  low  oil 
content  in  the  pressed  meat  is  desired. 


ILLUSTRATION 

TEXT  FIGURE 

Fig.  1.  Percentage  of  coconut  oil  extraction  at  various  pressures. 
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CLAY-ASBESTOS  SHINGLES 

By  Gil  O.  Opiana 
Of  the  Bureau  of  Science^  Manila 

TWO   PLATES 

This  report  contains  an  account  of  hand-made  shingles  from 
Philippine  clay  and  asbestos.  Manufacture  of  these  shingles 
has  been  in  progress  at  the  Bureau  of  Science  in  recent  years. 
These  shingles  are  fireproof  and  make  a  handsome  roof  that 
renders  the  house  cool  and  healthful.^ 

ANALYSIS  OF  RAW  MATERIALS 

The  clay  used  in  making  these  shingles  was  obtained  from 
Molino,  Cavite  Province.  Analysis  of  this  clay  is  given  in  Ta- 
ble 1,  and  physical  tests  in  Table  2.  The  usual  standard  chem- 
ical and  physical  methods  were  employed  to  obtain  these  data. 

TABLE  1. — Analysis  of  Molino  clay. 

Constituent.  Per  cent. 

Silica  (SiOo)  51.00 

Alumina  (AUOs)  17.05 

Iron  oxide  (FeaOa)  10.53 

Lime  (CaO)  1.40 

Magnesia  (MgO)  1-10 

Alkalies  (K2O  and  Na^O)  1.79 

Loss  on  ignition  15.45 

Note. — Analysis  made  by  Mr.  R.  Oliver  of  the  Bureau  of  Science. 

Table  2. — Physical  tests  of  Molino  clay. 

Moisture,  per  cent "  7.94 

Water  of  plasticity,  per  cent  37.48 

Slaking  time,  minutes  10 

Volume  shrinkage,  per  cent  39.03 

Linear  shrinkage  15.20 

Tensile  strength,  pounds  per  square  inch  8.50 

Cross  breaking  1.^2 

Drying  qualities  Good 

Absorption  at  900°  C.  17.35 

Fusing  point,  '^C.'^  1»180 

*  The  material  was  sieved  through  a  20-me8h  sieve. 
*>  Approximate. 

*  Agricultural  and  Industrial  Monthly  (March,  1937)   12. 
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The  asbestos  used  in  this  study  was  supplied  by  Mr.  Baretto 
of  Zambales  Province.  The  chemical  analysis  of  a  representative 
sample  is  given  in  Table  3. 

Table  3. — Analysis  of  Philippine  asbestos. 

Constituent.  Per  cent. 

Silica    (SiOs)  52.00 

Alumina  (AI0O3)  3.66 

Iron  oxide  (Fe^Os)  3.84 

Lime  (CaO)  11.40 

Magnesia  (MgO)  23.61 

Alkalies  (K2O  and  NasO)  0.52 

Loss  on  ignition  4.10 

Notes. — The  sample  was  obtained  from  Zambales  Province.  The  analy- 
sis was  made  by  Mr.  Oliver  of  the  Bureau  of  Science. 

MIXTURE  OF  CLAY  AND  ASBESTOS 

After  a  series  of  trial  mixtures,  the  mixture  adopted,  which 
gave  the  least  warping  and  cracking  on  drying  and  firing,  con- 
sisted of  6  parts  by  oven-dry  weight  of  asbestos  and  4  parts 
by  oven-dry  weight  of  clay.  The  asbestos  was  first  crushed  in 
a  wet  pan  ^  to  a  fine  powder.  After  removal,  a  known  weight 
of  clay,  usually  12  kilograms,  freed  from  plant  roots,  pebbles, 
and  other  foreign  material,  was  ground  in  the  same  way. 

The  asbestos  was  added  little  by  little  with  continuous  mixing. 
Water  was  then  added  in  small  portions  until  the  right  plas- 
ticity of  the  mixture  was  reached.  The  well-mixed  mass  was 
placed  on  a  galvanized  sheet  in  the  drying  shed  covered  with 
wet  sacks  and  allowed  to  stand  for  at  least  2  or  3  days  to  age.^ 

MOLDING,  DRYING,  AND  FIRING 

The  tile  was  molded  by  hand.  The  mold,  which  was  made  of 
hardwood,  was  covered  with  a  wet  thick  cloth  (maong).  Small 
pieces  of  the  plastic  mass  were  thrown  to  the  two  ends  and  crev- 
ice for  the  anchor.  A  slice  larger  than  the  mold  was  again 
thrown  into  the  mold,  covered  with  another  piece  of  dry,  thick 
cloth,  and  pounded  with  a  wooden  pestle  all  around  to  fill  the 
mold  completely.  With  a  well-stretched  galvanized  wire  tied  to 
the  two  ends  of  a  semicircular  piece  of  bejuco  (rattan)  the  ex- 
cess was  scraped  oflf.  To  smooth  the  surface,  a  wet  iron  pallet 
was  passed  back  and  forth.     The  tile  was  placed  upside  down 

^The  Manufacture  of  Roofing  Tiles.  Bull.  11,  4th  Series  Geol.  Survey 
of  Ohio   (1910)   230. 

®  A.  B.  Searle.  A  Rudimentary  Treatise  on  the  Manufacture  of  Bricks 
and  Tiles.     The  Technical  Press  Ltd.  14th  ed.  (1936)   178. 
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on  dry  boards  with  holes  j\  inch  in  diameter,  at  intervals  of  2A 
inches,  and  smeared  with  powdered  gro^*  to  prevent  the  tiles 
from  sticking  and  to  reduce  friction.-''^  With  a  pointed  i\-inch 
copper  wire  a  hole  was  bored  through  the  middle  for  tying. 
Three  tiles  could  be  put  on  each  board.  The  loaded  boards  were 
placed  on  racks  inside  the  drying  shed.  Usually  6  to  7  days  were 
required  for  slow  drying  of  the  tiles. 

To  further  dry  the  tiles,  they  were  placed  side  by  side  in  a 
perpendicular  position  on  another  wooden  rack  in  the  drying 
shed  for  a  week  or  more.  These  air-dried  tiles  were  fired  in  a 
down-draft  horizontal  kiln «  with  a  capacity  of  1,200  to  1,300 
tiles  to  cone  08  (940°  C). 

The  steps  followed  in  firing  were:  smoking,  decomposition, 
soaking,  and  cooling.^  Dried  pieces  of  bacauan  were  used  as 
fuel  and  a  kiln  efficiency  ranging  from  95  per  cent  to  98  per  cent 
was  obtained. 

TESTS 

A  comparison  of  the  products  obtained  in  this  study  and  sim- 
ilar products  made  locally  is  given  in  Table  4. 

Table  4. — Moisture  absorption  of  clay -asbestos  shingles. 

Shingles.  Per  cent. 

Bureau  of  Science,  hand-made  25.7-30.5 

Torres   High   School,  hand-made  26.7-30.8 

Muntinlupa,  hand-made  25.5-28.7 

Ceramic  Industries  of  the  Philippines,  machine-made     8.6-14.2 

Table  4  shows  the  results,  obtained  in  absorption  carried  out 
in  accordance  with  the  methods  of  The  American  Society  of 
Testing  Materials. 

The  hand-made  shingles  have  about  the  same  percentages  of 
water  absorption,  while  the  machine-made  shingles  have  a  very 
much  lower  percentage  of  absorption  than  the  hand-made  shin- 
gles. This  marked  difference  is  due  to  the  high  temperature  of 
firing  employed  in  the  manufacture  of  machine-made  shingles. 

Table  5  shows  the  results  obtained  for  modulus  of  rupture  on 
a  7-inch  span.  The  tests  vs^ere  made  in  the  Division  of  Tests 
and  Standards. 

^Powdered  bagasse  ash  was  used. 

^H.  Wilson,  Ceramics-Clay  Technology.  McGraw  Hill  Co.  1st  ed.  (1927) 
130. 

®  E.  Bourry.  Treatise  on  Ceramic  Industries.  Scott,  Greenwood  &  Co. 
(1901)  356. 

''  A.  B.  Searle.  The  Chemistry  and  Physics  of  Clays  and  other  Ceramic 
Materials.     Ernest  Benn  Ltd.   (1924)   544. 
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TABI4E  5. — Modulus  of  rupture  of  clay -asbestos  shingles. 

Shingles.  Pounds. 

Bureau  of  Science,  hand-made  125-185 

Torres  High  School,  hand-made  150-195 

Muntinlupa,  hand-made  125-175 

Ceramic  Industries  of  the  Philippines,  machine-made  115-190 

Table  5  shows  that  there  is  no  relation  between  percentage  of 
absorption  and  modulus  of  rupture  of  shingles.  The  lowest 
figure  obtained  in  the  hand-made  shingles  was  higher  by  10 
pounds  than  that  of  the  machine-made  shingles.  The  highest 
figure  for  hand-made  shingles  was  195  pounds,  and  for  the 
machine-made  shingles,  190  pounds. 

SUMMARY 

The  method  of  making  asbestos  shingles  is  given.  Manufac- 
ture of  asbestos  shingles  by  hand  involves  the  use  of  simple 
equipment,  so  that  it  has  possibilities  as  a  home  industry,  es- 
pecially in  regions  where  raw  materials  and  fuel  are  available. 

Very  little  technique  is  required  in  the  molding  of  tiles.  An 
ordinary  individual  after  a  day  or  two  of  practice  can  do  the 
work  satisfactorily.  In  the  Bureau  of  Science  ordinary  laborers 
molded  the  tiles,  in  Muntinlupa,  prisoners,  and  in  Torres  High 
School,  pupils. 

There  is  no  relation  between  percentage  of  absorption  and  mo- 
dulus of  rupture  in  shingles. 

The  percentage  of  absorption  of  hand-made  shingles  is  about 
twice  that  of  machine-made  shingles. 

The  modulus  of  rupture  for  both  machine-made  and  hand- 
made shingles  is  about  the  same. 
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Plate  1 

Fig.  1.  Molding  shingles  by  hand. 
2.  Drying  shelves. 

Plate  2 

Fig.  1.  Clay  Asbestos  shingles. 

2.  House  roofed  with  shingles. 
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NEW  OR  NOTEWORTHY  PHILIPPINE  FUNGI,  III 

By  Jose  M.  Mendoza  and  Simeona  Leus-Palo 

Of  the  Natural  History  Museum  Division,  Department  of  Agriculture  and 

Commerce,  Manila 

NINE  TEXT  FIGURES 

The  last  paper  under  this  title  was  published  in  1932.i  In  the 
present  contribution  10  species  of  the  genus  Cercospora  are  de- 
scribed as  new.  Twenty  species  previously  described  from  ex- 
tra-Philippine material  are  for  the  first  time  reported  from  the 
Archipelago,  10  of  these  being  of  the  genus  Cercospora,  the  rest 
of  the  family  Agaricacese.  All  the  type  species  and  other 
specimens  have  been  deposited  in  the  Philippine  National  Her- 
barium of  the  Natural  History  Museum,  Manila. 

SCOLECOSPOR^ 

Genus  CERCOSPORA  Fressenius 

CERCOSPORA  ATHYRII  Mendoza  sp.  nov.     Text  fi^.  1. 

Maculis  amphigenis,  plus  minusve  indefinite  sed  pluscule  si- 
milaris,  irregulariter,  1  ad  8  mm  in  diametro,  saepe  depressis 
ad  maturescens.  Conidiophoris  abundantis,  e  basi  stromatica. 
rumpens  per  aperti,  obscuris  olivaceis  vel  griseolis,  tandem  pal- 
lidis  vel  hyalinis  ad  apicem,  unicus  vel  multi-septatis,  denticula- 
tis  circa  apice,  33  ad  104  \l  X  3.6  ad  4.8  jx.  Conidiis  abundantis, 
maxime  angustis,  obsclavatis,  acicularis  vel  falcatis,  multi-sep- 
tatis, 24  ad  90  [JL  X  3  ad  5  {x. 

Spots  amphigenous,  more  or  less  indefinite  but  more  inclined 
to  be  irregularly  circular,  1  to  8  mm  in  diameter,  oftentimes 
sunken  at  maturity.  Conidiophores  abundant,  stromatic  at  base, 
rupturing  from  stomata,  dark  olive  to  grayish,  becoming  pale 
to  hyaline  toward  apex,  1-  to  many-septate,  denticulate  near  the 
end,  33  to  104  \l  long,  3.6  to  4.8  (x  broad.  Conidia  abundant, 
very  narrow,  obclavate,  needle-shaped  to  scythe-shaped  or  curved, 
many-septate,  24  to  90  ^  long,  3  to  5  (x  broad. 

Luzon,  Manila,  Bur,  Scl  55483  Mendoza  (type  in  Philip.  Nat. 
Herb.),  on  leaves  of  Athyrium  esculentum  Copel. 

^  Mendoza,  J.  M.,  New  or  noteworthy  Philippine  Fungi.  II.  Philip.  Joum. 
Sci.  49   (1932)   185-196. 
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There  is  a  close  resemblance  between  this  fungus  and  C  be- 
ticola  Sacc.  The  conidiophores  of  both  species  are  reticulate, 
having  bent  knees  and  scars  on  the  upper  portion  or  near  the 
apex.  They  are  stromatic  at  the  base.  The  conidiophores  of 
C.  athyrii,  however,  are  much  longer;  moreover,  the  spores  of 


Fig.   1.    Cercoapora  athyrii  Mendoza  sp.   nov. 

this  fungus  are  vacuoled  and  granular,  while  those  of  C.  beticola 
are  hyaline  and  simple. 

CERCOSPORA  BALSAMINAE  Mendoza  sp.  nov.    Text  fi^.  2. 

Maculis  amphigenis  irregulariter  rotundatis  vel   indefinitis 
f  ormis,  disseminatis,  saepe  confluentis,  depressis,  zona  f  usca  cir- 
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cumdatis  aetatis,  pallidis  brunneis  in  centrum,  obscuris  brun- 
neis  centrifugalis,  1  ad  8  mm  in  diametro,  cum  maxime  area 
quam  alicui  confluentis,  saepe  totus  centrum  maculis  disrumpens 


/^ 


Fig.  2.    Cercospora  balsamimae  Mendoza  sp.  nov. 

reliqui  perforati.  Conidiophoris  confluentis,  pallidis  olivaceis 
griseis,  tandem  pallidis  vel  casi  hyalinis,  longis  distans-septatis, 
subdenticulatis  ad  vel  circa  nodus,  60  ad  140  p.  X   4  ad  5  t^. 
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Conidiis  multi-septatis,  rotundatis  e  basi  et  apice  gradatim  atte- 
nuatis  ad  apicem,  44  ad  140  \l  X  3,5  to  4.5  yi. 

Spots  amphigenous,  irregularly  circular  to  indefinite  in  form, 
scattered,  oftentimes  coalescing,  sometimes  covering  larger  areas, 
sunken,  with  concentric  ring  formations  in  age,  light  brown  at 
center,  dark  brown  around  margin,  1  to  8  mm  in  diameter, 
spots  often  falling  off  leaving  shot  holes.  Conidiophores  in 
tufts,  pale  olive-gray  becoming  pale  to  almost  hyaline  toward 
apex,  distant-septate,  provided  with  knees  and  scars  at  or  near 
nodes,  60  to  140  fx  long,  4  to  5  [jl  broad.  Conidia  very  long,  ob- 
clavate,  hyaline,  sometimes  constricted,  many-septate,  round  at 
base  and  at  apex,  gradually  tapering  toward  end,  44  to  140  [x 
long,  3.5  to  4.5  {x  broad. 

Luzon,  Laguna  Province,  Los  Banos,  Bur.  ScL  55508  Men- 
doza  (type  in  Philip.  Nat.  Herb.),  on  leaves  of  Impatiens  baU 
samina  Linn. 

This  fungus  somewhat  resembles  C  atro-cincta  Ell.  and  Wolf, 
both  having  flexuous  and  reticulate  conidiophores.  The  reticula- 
tions are  located  on  the  upper  portion  near  the  apex.  The  two 
fungi  are  more  or  less  stromatic  at  the  base.  They  differ,  how- 
ever, in  the  characteristics  of  the  spores.  The  conidia  of  C.  atro- 
cincta  are  larger  than  those  of  C.  balsaminae.  Another  differ- 
ence is  that  the  conidia  of  C.  balsaminae  are  often  constricted, 
while  those  of  C.  atro-cincta  are  hyaline  and  simple. 

CERCOSPORA  CARTHAMI  Mendoza  sp.  nor.     Text  fig.  3. 

Maculis  amphigenis,  subrotundatis,  obscuris  brunneis,  super- 
ne  cum  griseis  olivaceis,  5  ad  10  mm  in  diametro,  interdum 
confluentis,  zona  fusca  circumdatis,  centro  depressis.  Conidio- 
phoris  abundantis,  fasciculatis,  simplicis,  distinctis  septatis, 
pallidis  olivaceis  ad  centrum  tandem  griseis  ad  apicem,  38  ad 
175  |x  X  5  ad  6  [A.  Conidiis  hyalinis,  obclavatis  vel  cylindraceis, 
5-  ad  10-  septatis,  48  ad  287  |x  X  4  ad  6  ix. 

Spots  amphigenous,  somewhat  round,  dark  brown,  dotted  with 
little  gray  freckles,  5  to  10  mm  in  diameter,  sometimes  fusing, 
provided  with  concentric  markings,  sunken  at  center.  Conidio- 
phores abundant,  in  bundles,  simple,  distinctly-septate,  light 
grayish  olive  at  center,  becoming  pale  smoke-gray  toward  apex, 
38  to  175  \k  long,  5  to  6  [x  broad.  Conidia  hyaline,  obclavate  to 
cylindric,  5-  to  10-septate,  48  to  287  {j.  long,  4  to  6  [x  broad. 

Luzon,  Rizal  Province,  Mariquina,  Bur.  Sci.  55295  (type  in 
Philip.  Nat.  Herb.),  55465  Mendoza,  on  leaves  of  Carthamum 
tinctorium  Linn. 
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This  species  approaches  C.  cucurbitae  Ell.  and  Ev.  in  many- 
respects.  Both  have  erect  and  distinctly  septate  conidiophores, 
which  are  blunt  at  the  end.     The  difference  lies  in  the  conidia 


Fig.  3.    Cercospora  carthami  Mendoza  sp.  nov. 

of  C.  cucurbitae  being  vacuoled  and  granular,  while  those  of  C. 
carthami  are  neither. 

CERCOSPORA  JACOBINAE  Mendoza  sp.  nov.    Text  fig.  4. 

Maculis  amphigenis,  sed  plerumque  plus  minusve  rotundatis,  3 
ad  12  mm  in  diametro,  obscuris  brunneis  tandem  multis  albidis 
ad   marginem.    Fungus   fasciculatus,    abundans,    amphigenus. 

52998 S 
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Conidiophoris  obscuris  olivaceis,  e  basi  stromatica,  erectis,  flex- 
uus,  multi-septatis,  subdenticulatis  ad  vel  circa  nodo  30  ad  150 
pi.  3  ad  6.5  {x.  Conidiis  aciculatis,  cylindraceis,  saepe  curvatis 
circa  apicem,  multi-septatis,  hyalinis,  obclavatis,  30  ad  75  jx  X 
3  ad  4.5  [A. 


Fig.  4.    Cercospora  jacobinae  Mendoza  sp.  nov. 

Spots  amphigenous,  irregular  but  generally  more  or  less  cir- 
cular in  shape,  3  to  12  mm  in  diameter,  dark  brown  becoming 
lighter  toward  margin.  Fungus  in  tufts,  abundant,  amphige- 
nous. Condidiophores  dark  olive,  stromatic  at  base,  erect, 
winding,  many-septate,  subdenticulate,  especially  at  or  near  sep- 
tation,  30  to  150  [x  long,  3  to  6.5  {x  broad.     Conidia  needle-shaped, 
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cylindric,  often  curved  near  end,  many-septate,  hyaline,  30  to  75 
ix  long,  3  to  4.5  \k  broad. 

Luzon,  Manila,  Philip.  Nat.  Herb.  7124'  Mendoza  (type  in 
Philip.  Nat.  Herb),  on  leaves  of  Jacobina  carnea  Nichols. 

At  a  glance  C.  jacobinae  and  C.  beticola  Sacc.  look  alike  in 
many  respects,  both  having  flexuous  and  reticulated  conidio- 
phores.  The  conidia  and  conidiophores  of  C.  jacobinae,  however, 
are  larger. 

CERCOSPORA  MALVASTRI  Mendoza  sp.  nov.     Text  fig.  5. 

Maculis  plus  minusve  circularis,  parvis,  subdepressis,  brun- 
neis  vel  obscuris  brunneis,  amphigenis,  raro  coalescens,  genera- 


FlG.  5.    Cercospora  malvastri  Mendoza  sp.  nov. 
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tim  minus  quam  1  mm  ad  raro  2  mm  in  diametro.  Conidiophoris 
numerosis,  plus  minusve  e  basi  substromatica,  pallidis  olivaceis, 
tandem  olivaceis  ad  subhyalinis  ad  apicem,  reticulatis,  flexuus, 
multi-septatis,  18  ad  114  |x  X  4.2  ad  5  jjl.  Conidiis  numerosis, 
hyalinis,  aliquot  and  multi-septatis,  obclavatis,  non  rotundatis  ad 
apicem,  subcontractura  ad  apicem,  rectis,  interdum  curvatis,  18 
ad  123  [1.  X  3  ad  3.6  [x. 

Spots  more  or  less  circular,  small,  nearly  sunken,  brown  to 
dark  brown,  amphigenous,  seldom  coalescent,  generally  less  than 
1  mm  to  nearly  2  mm  in  diameter.  Conidiophores  numerous, 
substromatic  at  base,  light  olive,  becoming  pale  to  nearly  hyaline 
towards  end,  reticulate,  flexuous,  many-septate,  18  to  114  p.  long, 
4.2  to  5  IX  broad.  Conidia  numerous,  hyaline,  several  to  many- 
septate,  obclavate,  not  round  at  base,  somewhat  tapering  towards 

end,  straight,  sometimes 
curved,  18  to  123  ix  long,  3 
to  3.6  [X  broad. 

Luzon,  Manila,  Bur.  ScL 
55Jfl7  Mendoza  (type  in 
Philip.  Nat.  Herb.),  on 
leaves  of  Malvastrum  coro- 
mandelinum  (Linn.)  Ga- 
reke. 

This  fungus  resembles  C 
capsici  Heald  and  Wolf  in 
many  respects.  The  coni- 
diophores of  the  two  spe- 
cies are  numerous,  reticu- 
late, and  flexuous.  The 
conidiophores,  of  C.  capsici, 
however,  are  more  winding 
and  much  longer  than  those 
of  C  malvastri;  also  C,  cap- 
sici  is  more  stromatic  at  the 
base  than  C.  malvastri, 

CERCOSPORA  MERREMIAE  Mendoza 
sp.  nov.     Text  fig.  6. 

Maculis  amphigenis,  ma- 
xime  irregulariter  formis, 
3  ad  10  mm  in  diametro, 
depressis  ad  centrum  dum 

eievatis  ad  marginem,  obscuris  brunneis  vel  maxime  obscuris. 

Conidiophoris  confluentis,  pallidis  olivaceis,  plus  minusve  e  basi 


Fig.  6.     Cerco8pora  merremiae  Mendoza  sp.  nov. 
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stromatica,  non-  vel  1-septate,  reticulatis  ad  apicem,  15  ad  36  [x 
X  3  ad  3.6  [x.  Conidiis  subidem  coloris  conidiophoris,  interdum 
plus  illustris,  acicularis  vel  fuscidis,  saepe  curvatis,  30  ad  81  [j. 
X  3  ad  4.5  |x. 

Spots  amphigenous,  very  irregularly  shaped,  3  to  10  mm  in 
diameter,  sunken  at  center,  elevated  at  margin,  dark  brown  to 
very  dark  brown.  Conidiophores  in  tufts,  pale  olive,  more  or 
less  stromatic  at  base,  0-  to  1-septate,  with  usual  scars  near 
end,  15  to  36  [l  long,  3  to  3.6  p.  broad.  Conidia  almost  of  same 
color  as  conidiophores,  sometimes  lighter,  needle-shaped  to  spin- 
dle-shaped, 30  to  81  \L  long,  3  to  4.5  [i.  broad. 

Luzon,  Manila,  Philip.  Nat.  Herb.  7122  Mendoza  (type  in 
Philip.  Nat.  Herb.),  on  leaves  of  Merremia  gemella  (Burm.  f.) 
Hallier  f . 

This  fungus  is  somewhat  similar  to  C,  henningsii  Allesch.  in 
many  respects.  Both  species  are  stromatic  at  the  base.  The 
conidiophores  of  the  two  fungi  are  similar  in  shape  and  both 
are  nonseptate,  although  C  merremiae  is  sometimes  1-septate. 
The  conidia  of  the  two  species  are  similar,  being  nearly  cylindri- 
cal.    The  spores  of  C.  merremiae,  however,  are  much  larger. 

CERCOSPORA  MOMORDICAE  Mendoza  sp.  nov.  Text  fig.  7. 

Maculis  amphigenis,  irregulariter  rotundatis  vel  indefinite 
formis,  disseminatis,  depressis,  zona  fusca  circumdatis  aetatis, 
pallidis  brunneis  in  centro,  brunneis  centrifugalis,  1  ad  12  mm  in 
diametro,  saepe  maculis  confluens  formans  maxime  grandis 
areae.  Conidiophoris  fasciculatis  vel  caespitosis,  flexuus,  palli- 
dis olivaceis  griseis,  tandem  griseis  ad  apicem,  denticulatis  ad 
vel  circa  nodis,  interdum  ramosis,  distinctis  septatis,  24  ad  127 
p.  X  4  ad  5  PL.  Conidiis  maxime  longis,  interdum  ad  septa  con- 
strictis,  hyalinis,  multi-septatis,  e  basi  rotundatis,  gradatim  ate- 
nuatis  ad  apicem,  obtusatis  e  apice,  44  ad  450  [/.  X  3.5  ad  5.5  \}.. 

Spots  amphigenous,  irregularly  circular  to  no  definite  form, 
scattered,  sunken,  with  concentric  ring  formations  in  age,  pale 
brown  at  center,  brown  around  margin,  1  to  12  mm  in  diameter, 
spots  often  coalescing  to  form  larger  areas.  Conidiophores  in 
clusters  or  in  tufts,  flexuous,  pale  olive-gray  becoming  gray  to- 
ward apex,  provided  with  knees  and  scars  on  or  near  nodes, 
sometimes  branching,  distinctly-septate,  24  to  127  \l  long,  4  to 
5  [X  broad.  Conidia  very  long,  obclavate,  hyaline,  many-septate, 
sometimes  constricted  at  septa,  round  at  base,  tapering  toward 
end,  44  to  450  [x  long,  3.5  to  5.5  y.  broad. 
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Luzon,  Manila,  Bur.  Sci,  55SSi  (type  in  Philip.  Nat.  Herb.), 
55S72  Mendoza,  on  leaves  of  Momordica  charantia  Linn. 

This  fungus  somewhat  resembles  C.  beticola  Sacc,  both  having 
flexuous  and  reticulated  conidiophores  with  a  slightly  stromatic 
base.  The  difference  lies  in  that  the  conidiophores  of  C.  mo- 
mordicae  are  sometimes  branching,  while  those  of  C  beticola  are 
never  branching.     The  conidia  of  C.  momordicae  are  very  much 


Cercospora  momordicae  Mendoza  sp.  nov. 


larger  than  those  of  C.  beticola.  C.  brassicicola  P.  Henn.  is  an- 
other fungus  that  resembles  C.  momordicae,  because  of  the  char- 
acteristic reticulation  of  the  conidiophores.  The  conidiophores 
of  C,  brassicicola,  however,  never  branch  out. 

CERCOSPORA  OPERCULINAE  Mendoza  sp.  nov.    Text  fig.  8. 

Maculis  amphigenis,  circularis,  pallidis  griseis  vel  viridulis, 
dispergens,  1  ad  7  mm  in  diametro.     Conidiophoris  caespitosis, 
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fasciculatis,  suberectis,  reticulatis  e  superiore  parte,  septatis, 
obscuris  griseis,  tandem  pallidis  ad  apicem,  76.5  ad  109  pt.  X  3.8 


Fig.  8.    Cercoapora  opercvUnae  Mendoza  sp.   nov. 

ad  4.5  [JL.    Conidiis  hyalinis,  granularis,  obclavatis,  acicularis, 
interdum  falcatis,  multi-septatis,  60  ad  85  p.  X  3.5  ad  4.5  (jl. 
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Spots  amphigenous,  circular,  light  gray  to  greenish,  scattered, 
1  to  7  mm  in  diameter.  Conidiophores  caespitose,  fasciculate, 
nearly  erect,  reticulate  especially  on  upper  portion,  septate,  dark 
gray,  becoming  pale  toward  end,  76.5  to  109  [x  long,  3.8  to  4.5  [l 
broad.  Conidia  hyaline,  granular,  obclavate,  needle-shaped,  cy- 
lindric,  sometimes  curved,  many-septate,  60  to  85  \l  long,  3.5  to 
4.5  [JL  broad. 

Luzon,  Rizal  Province,  Fort  Wm.  McKinley,  Phil  Nat.  Herb. 
7125  (type  in  Philip.  Nat.  Herb.),  7126  Mendoza,  on  leaves  of 
Operculina  bufalina  (Lour.)  Hallier  f. 

Some  characteristics  of  this  fungus  are  similar  to  those  of 
C.  jacobinae  Mendoza.  Both  species  have  that  peculiar  winding 
of  the  conidiophores,  especially  on  the  upper  portion  near  the 
apex.  C.  jacobinae,  however,  is  more  stromatic  at  the  base 
than  C.  operculinae;  also  the  conidia  of  this  fungus  are  vacuoled 
and  granular,  while  those  of  C  jacobinae  are  hyaline  and  simple. 

CERCOSPORA  PELARGONII  Mendoza  sp.  nov.     Text  fig.  9. 

Maculis  rotundatis,  minimi  vel  grandis  irregularis  maculis, 
amphigenis,  depressis,  pallidis  brunneis  ad  centro,  rubricosis 
brunneis  ad  margine,  1  ad  15  mm  in  diametro.  Conidiophoris 
caespitosis,  erectis,  reticulatis,  flexuus,  plus  minusve  e  basi  stro- 
matica,  aliquot  distans-septatis,  obscuris  olivaceis,  tandem  pal- 
lidis et  aculatis  ad  apicem,  42  ad  96  [;.  X  3.9  ad  5.7  [x.  Conidiis 
numerosis,  obclavatis,  fuscidis,  interdum  curvatis,  multi-septatis, 
hyalinis,  obtusatis  ad  apicem,  24  ad  172  [x  X  2.7  ad  3.6  [x. 

Spots  round,  very  small  to  large,  almost  irregular  blotches, 
amphigenous,  sunken,  light  brown  at  center,  reddish  brown  at 
margin,  1  to  15  mm  in  diameter.  Conidiophores  in  tufts,  reti- 
culate, flexuous,  more  or  less  stromatic  at  base,  several  distant- 
septate,  dark-olive,  becoming  lighter  toward  apex  and  a  little 
pointed  at  end,  42  to  96  [x  long,  3.9  to  5.7  {x  broad.  Conidia  nu- 
merous, obclavate,  spindle-shaped,  sometimes  curved,  many-sep- 
tate, hyaline,  obtuse  on  both  ends,  24  to  172  \i  long,  2.7  to  3.6  [x 
broad. 

Luzon,  Manila,  Bur.  Sci.  55132  (type  in  Philip.  Nat.  Herb.), 
55500  Mendoza,  on  leaves  of  Pelargonium  radula  (Cav.)  L'Herit. 

This  fungus  resembles  C.  beticola  Sacc.  in  many  respects.  The 
conidiophores  of  the  two  fungi  are  csespitose,  fasciculate,  flex- 
uous and  more  or  less  stromatic  at  the  base.  The  difference  lies 
in  that  the  conidiophores  of  C.  pelargonii  are  much  larger  and 
generally  broader.  The  conidiophores  of  C.  beticola  are  much 
more  winding  than  those  of  C.  pelargonii. 
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Fig.  9.     Cercospora   pelargonii    Mendoza    sp.    nov. 

CERCOSPORA  ATRO-CINCTA  Heald  and  Wolf. 

Cercospora  atro-cincta  Heald   and  Wolf,   Mycologia   3    (1911)    15; 
Saccardo,  Syll.  Fung.  25  (1931)  873. 

Luzon,  Manila,  Bur.  ScL  55520  Mendoza,  on  leaves  of  Zinnia 
elegans  Jacq. 
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CERCOSPORA  ASTERATA  Atkinson. 

Cercospora  asterata  Atkinson,  Cere.  Alab.  (1891)  18;  Saccardo,  Syll. 
Fung.   10    (1892)   627. 

Luzon,  Manila,  Bur,  Sci,  55502  Mendoza,  on  leaves  of  Aster 
sp. 

CERCOSPORA  CHRYSANTHEMI  Heald  and  Wolf. 

Cercospora  chrysanthemi  Heald  and  Wolf,  Mycologia  3    (1911)   15; 
Saccardo,  SyH.  Fung.  25  (1931)  871. 

Luzon,  Manila,  Bur.  Sci.  55522  Mendoza,  on  leaves  of  Chry- 
senthemum  sp. 

cercospora  CUCURBITAE  Ellis  and  Everhart. 

Cercospora  cucurbitae  Ellis  and  Evebhart,  Journ.  Mycol.  4   (1888) 
3;  Saccardo,  Syll.  Fung.  10  (1892)  634. 

Luzon,  Manila,  Bur.  Sci.  55353,  55i9i  Mendoza,  on  leaves  of 
Cucurbita  pepo  Linn. 

cercospora  DALEAE  Ellis  Kellerman. 

Cercospora  daleae  Ellis  and  Kellerman,  Journ.  Mycol.  4  (1888)  6; 
Saccardo,  SyH.  Fung.  10  (1892)  622. 

Luzon,  Manila,  Philip.  Nat.  Herb.  2978  Mendoza,  on  leaves 
of  Dalea  sp. 

cercospora  eucalypti  Cooke  and  Massee. 

Cercospora  eucalypti  COOKB  and  MAssEE,  Aust.  Fungi    (1892)    379; 
SACCARDO,  SyD.  Fung.  10  (1892)  644. 

Luzon,  Manila,  Bur.  Sci.  55^91  Mendoza,  on  leaves  of  Euca- 
lyptus sp. 

CERCOSPORA  HELLANTHI  Ellis  and  Ererhart. 

Cercospora  helianthi  Ellis  and  Everhart,  Journ.  Mycol.  3    (1887) 
20;  Saccardo,  Syll.  Fung.  10  (1892)  628. 

Luzon,  Mountain  Province,  Baguio,  Bur.  Sci.  55235  Mendoza, 
on  leaves  of  Helianthus  cucumerifolius  Torr.  and  Gray. 

CERCOSPORA  HYDRANGEANA  Tharp. 

Cercospora  hydrangeana  Tharp,  Myc.  9   (1917)   110. 

Luzon,  Mountain  Province,  Baguio,  Bur.  Sci.  55236  Mendoza, 
on  leaves  of  Hydrangea  ortensia  Sieb. 

CERCOSPORA  SORGHI  Ellis  and  Ererhart. 

Cercospora  sorghi  Ellis  and  Everhart,  Journ.  Mycol.  5   (1887)   15; 
Saccardo,  Syll.  Fung.  10  (1892)  656. 

Luzon,  Rizal  Province,  Mariquina,  Bur.  Sci.  55232,  55328  Men- 
doza, on  leaves  of  Zea  mays  Linn. 
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CERCOSPORA  PACHYPUS  Ellis  and  Everhart. 

Cercospora  pachypus  Ellis  and  Everhart,  Journ.  Mycol.  3  (1887) 
104;  Saccardo,  Syll.  Fung.  10  (1892)  628. 

Luzon,  Mountain  Province,  Trinidad,  Bur.  Sci.  555U  Men- 
doza, on  leaves  of  Helianthus  annuus  Linn. 

AGARICACE^ 
Genus  CANTHARELLUS  Jussieu 

CANTHARELLUS  CINEREUS  Fries. 

Cantharellus  cinereus  Fries,  Epicr.  Syst.  Myc.  (1836)  320;  Hym. 
Eur.  (1870)  458;  Saccardo,  Syll.  Fung.  5  (1887)  490;  Maublanc, 
Les  Champignons  de  France  2  (1926)  166;  Bresadola,  Icon.  Myc. 
10    (1927)    480. 

Luzon,  Tayabas  Province,  Mount  Kamates,  Philip,  Nat  Herb, 
2882  Edano:  Rizal  Province,  Alabang,  Philip,  Nat.  Herb.  7038 
Mendoza:  Laguna  Province,  Los  Baiios,  Philip,  Nat.  Herb.  705U, 
7057  Mendoza. 

Genus  CLITOCYBE  Fries 

CLITOCYBE  DEALBATA  Sowerby. 

Clitocyhe  dealbata  Sowerby  in  Fries,  Epicr.  Syst.  Myc.  (1836)  63. 
Hym.  Eur.  (1878)  88;  Saccardo,  Syll.  Fung.  5  (1887)  157;  Bresa- 
DOLAi  Icon.  Myc.  3   (1927)   146. 

Luzon,  Tayabas  Province,  Mount  Kamates,  Philip.  Nat.  Herb. 
28W  Edano. 

Genus  FLAMMULA  Fries 

PLAMMULA  DECUSSATA  Fries. 

Flammula  decussata  Fries,  Epicr.  Syst.  Myc.  (1836)  185;  Hym.  Eur. 
(1878)  246;  Saccardo,  Syll.  Fung.  5  (1887)  816;  Bresadola,  Icon. 
Myc.  16   (1930)  771. 

Luzon,  Tayabas  Province,  Mount  Demasengay,  Philip.  Nat. 
Herb.  2888  Edano. 

Genus  MARASMIUS  Fries 

MARASMIUS  FULVO-BULBILLOSUS  R.  Fries. 

Marasmius  fulvo-hulhillosus  R.   Fries  in  Bresadola,   Icon.   Myc.    11 

(1929)   501. 
Marasmius  canticinalis  Fries,  Epicr.  Syst.  Myc.  (1836)  536. 

Luzon,  Laguna  Province,  Siniloan,  Philip,  Nat.  Herb.  7120 
Capco. 
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MARASMIUS  OREADES  Bolton. 

Marasmius  oreades  Bolton  in  Fries,  Epicr.  Syst.  Myc.  (1836)  375; 
Hym.  Eur.  (1878)  467;  Saccardo,  Syll.  Fung.  5  (1887)  510;  Bre- 
SADOLA,  Icon.  Myc.  10   (1929)  490. 

Luzon,  Pangasinan  Province,  Binalonan,  Philip.  Nat.  Herb. 
7061  Mendoza:  Tayabas  Province,  Mount  Biga,  Philip.  Nat 
Herb.  7118  Edam. 

Genus  OMPHALIA  Persoon 

OMPHALIA  GERARDIANA  Peck. 

Omphalia  gerardiana  Peck,  N.  Y.  State  Mus.  Rept.  26  (1874)  54;  45 
(1893)    37;   Farlow,  Icones  Farlowianae   (1929)    4. 

Luzon,  Tayabas  Province,  Mount  Kamates,  Philip.  Nat.  Herb. 
28^7  Edano. 

OMPHALIA  VENTOSA  Fries. 

Omphalia  ventosa  Fries,  Epicr.  Syst.  Myc.  (1836)  120;  Hym.  Eur. 
(1878)  155;  Saccardo,  Syll.  Fung.  5  (1887)  309;  Bresadola,  Icon. 
Myc.  6    (1928)   256. 

Luzon,  Tayabas  Province,  Tignoan,  Philip.  Nat.  Herb.  7109 
Edano. 

Genus  PLEUROTUS  Fries 

PLEUROTUS  FUSCUS  (Batt.)  Bresadola. 

Pleurotus  fuscus   (Batt.)   Bresadola,  Icon.  Myc.  6    (1929)   286. 
Agaricus  eryngii  De  Candolle  in  Fries,  Epicr.  Syst.  Myc.  1    (1836) 

84;  Hym.  Eur.  (1878)   171;  Saccardo,  Syll.  Fung.  5   (1887)  347. 
Clitocybe  cardarella  Fries,  Hym.  Eur.   (1887)   80. 

Luzon,  Tayabas  Province,  Mount  Kamates,  Philip.  Nat.  Herb. 

28^4'  Edano. 

Genus  RUSSULA  Persoon 

RUSSULA  CARNICOLOR  Bresadola. 

Russula  earnicolor  Bresadola  in  Rea,  Brit.  Basid.   (1922)   477;  Icon. 

Myc.  9    (1929)    427. 
Russula  lilacea  Quelet  in  Saccardo,  Syll.  Fung.  5   (1887)   465. 
Russula  lilacea  var.  earnicolor  Bresadola  in  Saccardo,  Syll.  Fung. 

11    (1895)   30. 

Luzon,  Mountain  Province,  Baguio,  Philip.  Nat.  Herb.  2921^ 
Mendoza:  Tayabas  Province,  Lapit,  Philip.  Nat.  Herb.  2945  AU 
casid  and  Edano. 
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Genus  TUBARIA  Smith 
TUBARIA  FURFURACEA  Persoon. 

Tubaria  furfuracea  Persoon  in  Fries,  Syst.  Myc.  1  (1836)  262;  Hym. 
Eur.  (1878)  272;  CooKE,  Handbook  of  Brit.  Fung.  Fung.  (1871) 
136;  Saccardo,  Syll.  Fung.  5  (1887)  872;  Bresadola,  Icon.  Myc. 
17    (1930)    816. 

Luzon,  Tayabas  Province,  Lapit,  Philip.  Nat,  Herb,  29H  Ai- 
casid  and  Edano:  Manila,  Harrison  Park,  Philip,  Nat,  Herb, 
70iS  Reyes, 


ILLUSTRATIONS 

[Drawings  prepared  by  Jose  M.  Mendoza.] 
TEXT  FIGURES 

Fig.  1.  Cercospora  athyrii  Mendoza  sp.  no  v. 

2.  Cercospora  balsaminae  Mendoza  sp.  nov. 

3.  Cercospora  carthami  Mendoza  sp.  nov. 

4.  Cercospora  jacobinae  Mendoza  sp.  nov. 

5.  Cercospora  malvastri  Mendoza  sp.  nov. 

6.  Cercospora  merremiae  Mendoza  sp.  nov. 

7.  Cercospora  momordicae  Mendoza  sp.  nov. 

8.  Cercospora  operculinae  Mendoza  sp.  nov. 

9.  Cercospora  pelargonii  Mendoza  sp.  nov. 
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NOTES  ON  THE  ORCHID  BUG,  MERTILA  MALAYENSIS 

DISTANT,  ON  WHITE  MARIPOSA  (PHALAE- 

NOPSIS  AMABILIS  BLUME) 

By  Santiago  R.  Capco 

Of  the  Natural  History  Museum  Division^  Department  of  Agriculture  and 

Commerce,  Manila 

TWO  PLATES 

Orchid  cultivation  is  now  a  popular  hobby  and  occupation  in 
the  Philippines.  Success  in  the  cultivation  of  orchids  depends 
on  various  factors.  It  is  known,  for  example,  that  certain  in- 
sects cause  considerable  damage  to  orchids.  A  knowledge,  there- 
fore, of  some  of  these  destructive  insects,  and  effective  methods 
for  their  control  and  eradication,  is  therefore  desirable. 

In  February,  1940,  Dr.  E.  Quisumbing,  of  the  Natural  History 
Museum  Division,  received  a  shipment  of  orchids  (Palawan 
white  mariposa,  Phalaenopsis  amabilis  Blume)  for  Major  V. 
Barros,  an  orchid  fancier.  These  orchids  were  placed  in  the 
orchid  house.  A  few  days  later  the  leaves  were  turning  yellow, 
drying,  and  falling  off.  Careful  observations  revealed  that  the 
plants  were  badly  infested  with  a  capsid  bug,  Mertila  malayensis 
Distant.  All  stages  of  the  insect,  such  as  eggs,  nymphs,  and 
adults,  were  found  among  the  leaves  of  the  plants  in  the  orchid 
house. 

On  account  of  the  severity  of  infestation,  causing  great  dam- 
age to  the  orchids,  a  study  was  undertaken  on  the  life  history 
and  habits  of  this  pest,  with  the  ultimate  aim  of  formulating 
measures  for  its  control. 

The  study  was  conducted  in  the  laboratory  of  the  Natural  His- 
tory Museum  Division,  Department  of  Agriculture  and  Com- 
merce, Bureau  of  Science  Building,  Manila,  from  February  to 
May,  1940.  Some  observations  on  the  habits  of  the  insect  were 
also  made  in  the  orchid  house  of  the  same  institution. 

REVIEW  OF  LITERATURE 

Mertila  malayensis  Distant  was  originally  described  by  Dis- 
tant(2)  in  1904  from  specimens  collected  by  H.  N.  Ridley  in 
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Singapore,  Federated  Malay  States.  In  the  same  year  Dis- 
tant (3)  included  the  description  of  the  genus  and  the  species 
in  his  Fauna  of  British  India,  Rhynchota.  He  gave  the  dis- 
tribution as  Burma,  Bhamo,  and  Singapore. 

RoepkeC?)  described  the  biology  of  this  insect  as  a  capsid 
flower  bug  harmful  to  orchids  (Phalaenopsis  amabilis  Blume  and 
Vanda  spp.)  in  Java. 

Dammerman(i)  gave  a  short  account  of  the  pest,  describing 
it  as  a  pest  of  orchids,  especially  Phalaenopsis  amabilis,  and 
stating  that  the  species  has  been  found  from  India  to  Java  and 
introduced  into  Germany.  The  eggs  are  deposited  in  the  plant 
tissue;  nymphs  are  gregarious,  and  both  nymphs  and  adults 
cause  damage  by  sucking  the  leaves,  flower  stalks,  and  roots  of 
the  plants,  causing  the  leaves  to  turn  yellow  and  to  fall  off. 
Dammermann  suggests  collection  of  the  bugs  or  spraying  with 
soap  solution  as  a  means  of  control. 

Leefmans(5)  includes  this  species  as  a  pest  of  orchids  in  the 
Netherland  Indies,  recommending  a  spray  of  derris  and  soap 
for  effective  control. 

Franssen  and  Tiggelovend(4)  prepared  a  short  account  of  the 
biology  of  this  orchid  bug  among  other  orchid  pests  in  Java, 
giving  description,  behavior,  development,  host  plants  (Phala- 
enopsis amabilis,  Renanthera  matutina,  and  species  of  Bulbophyl- 
lum  and  Vanda) ,  the  nature  of  the  damage  done,  as  well  as  the 
means  of  controlling  this  insect. 

DISTRIBUTION 

This  insect  has  been  recorded  in  Singapore  (1904),  Burma 
and  Bhamo  (1904),  Java  (1918),  Netherland  Indies  (1931), 
and  India  (1929),  and  was  reported  introduced  into  Germany. 

This  pest  is  reported  here  for  the  first  time  from  the  Philip- 
pines. Damage  was  especially  noted  in  Manila  on  white  mari- 
posa,  Phalaenopsis  amabilis  Blume,  collected  from  Palawan. 

MANNER  OF  INJURY  TO  ORCHIDS 

Injury  to  the  orchid  plants  is  due  to  the  feeding  and  oviposi- 
tion  punctures  made  by  the  insect  (Plate  1).  The  adults  and 
nymphs  suck  the  juice  of  the  leaves,  peduncles,  and  the  roots. 
Young  and  old  leaves  of  Phalaenopsis  amabilis  have  been  ob- 
served to  be  attacked  by  the  bugs.  The  nymphs,  on  account  of 
their  gregarious  habit,  have  been  able  to  do  great  damage  within 
a  few  days.    Infestation  is  easily  noticeable  on  both  surfaces 
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of  the  leaves,  the  feeding  punctures  appearing  as  creamy-white 
spots  that  later  become  yellow;  excreta  of  the  bugs  are  also 
present  in  the  form  of  numerous  black  specks.  Seriously  injured 
leaves  dry  up  and  fall  off.  Affected  roots  and  peduncles  also 
show  signs  of  drying. 

Injury  to  the  orchid  plant  is  done  also  by  the  oviposition  of 
the  eggs  inside  the  leaves  (Plate  2,  fig.  1).  In  laying,  the 
female  inserts  the  eggs  beneath  the  epidermis  of  the  leaf,  thus 
destroying  the  chlorophyllous  cells  in  that  area. 

Moreover,  the  injuries  resulting  from  oviposition  punctures 
and  the  sucking  of  the  juice  in  the  leaves  by  the  nymphs  and 
adults  may  serve  as  possible  avenues  for  the  entry  of  disease 
organisms. 

BIOLOGY 

Eggs,  nymphs,  and  adults  were  collected  from  infested  white 
mariposa  (Phalaenopsis  amabilis  Blume)  in  the  orchid  house 
and  reared  in  the  laboratory.  The  eggs  inside  the  tissues  of 
the  leaves  were  cultured  in  petri  dishes  10  centimeters  in  dia- 
meter and  1.5  centimeters  high.  Moist  cotton  was  provided 
inside  each  dish.  Nymphs  and  adults  were  reared  separately 
in  battery  jars  18  by  12  centimeters,  provided  with  fresh  leaf 
of  Phalaenopsis  amabilis.  The  battery  jars  were  covered  with 
cheese  cloth.  Individual  rearing  of  the  bug  was  done  in  glass 
vials  80  by  25  millimeters  with  absorbent  cotton  plugs.  The 
feed  was  changed  daily  or  once  every  two  days.  Observations 
were  made  also  on  adults  pairs  in  glass  vials. 

The  habits  of  the  insect  were  also  observed  in  the  orchid  house. 

ADULTS 

Description. — Elongate-oval  (Plate  2,  fig.  5) ;  head  rather  long, 
depressed  in  front  of  insertion  of  antennae.  Antennae  with  first 
segment  shorter  than  head  and  generally  tapering  at  base,  se- 
cond segment  much  longer  than  first,  remaining  segments  pilose ; 
pronotum  about  one  and  one-half  times  as  long  as  broad,  with 
an  anterior  collar  which  has  its  anterior  and  posterior  margins 
carinate,  subimpressed  or  distinctly  constricted  before  middle, 
the  depression  having  two  transverse  callosities  with  a  little 
hallow  area  between  them,  surface  of  posterior  two-thirds  dense- 
ly and  finely  punctate;  scutellum  small,  subtriangular,  callous, 
f oveate  near  base ;  hemelytra  much  longer  than  abdomen,  mem- 
branal  cell  long,  triangular;  legs  moderately  short  and  slender. 
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tibise  finely  setose,  apical  joint  of  tarsi  incrassate ;  upper  surface 
very  finely  and  obscurely  pilose. 

Orange-red;  apex  of  first  joint  of  antennae,  legs,  apex  of  ros- 
trum, membrane,  extreme  apices  of  femora,  tibiae,  tarsi,  and 
abdomen  beneath  indigo  black;  posterior  half  of  clavus,  corium 
(excluding  basal  area)  and  cuneus  shiny  blue-black;  basal  half 
of  third  joint  of  antennae  creamy-yellow. 

Male,  length,  4.8  to  5.6  millimeters ;  width,  2.1  to  2.3.  Female, 
length,  5  to  5.6  millimeters;  width,  2.2  to  2.4. 

The  sexes  are  easily  distinguished  by  differences  in  the  ventral 
caudal  end  of  the  abdomen;  in  the  male  (Plate  2,  fig.  6)  there 
are  present  a  pair  of  long,  coiled  genital  claspers,  while  the  fe- 
male (Plate  2,  fig.  7)  has  an  ovipositor  held  close  to  the  abdomen 
when  not  in  use. 

Habits. — Observations  were  made  on  five  pairs  of  adult  bugs 
in  the  laboratory  from  their  emergence  to  death.  The  insect 
was  so  voracious  that  a  number  of  orchid  plants  were  almost 
defoliated  during  the  progress  of  the  rearings,  and  the  food 
supply  was  therefore  a  major  problem. 

Mating  was  observed  to  take  place  mostly  during  the  early 
part  of  the  day.  It  was  accomplished  by  the  male  mounting  on 
the  female,  the  pair  then  remaining  with  the  ends  of  their 
abdomina  together  for  several  hours.  Their  heads  were  in  op- 
posite directions.     The  bugs  were  able  to  feed  while  in  copula. 

The  eggs  were  laid  by  means  of  inserting  the  ovipositors  of 
the  females  beneath  the  epidermis  of  the  leaves  parallel  to  the 
veins.  The  females  mostly  laid  their  eggs  on  the  lower  surface 
of  the  leaves.  Each  egg  had  the  smaller  end  reaching  the  lower 
surface  of  the  leaf  and  was  provided  with  a  pasty  cover  which 
dried  later.  After  laying  the  eggs  the  female  secreted  a  white 
fluid  through  the  anus  and  then  spread  it  by  means  of  her 
rostrum.  This  white  fluid  soon  dried  and  covered  all  the  eggs 
deposited.  In  this  way  it  was  easy  to  locate  the  spot  where  the 
insect  laid  the  eggs 

As  shown  in  Table  1,  each  female  makes  one  to  four  or  six  egg 
spots  a  day.  The  number  of  eggs  laid  on  each  egg  spot  was  one 
to  five  or  eight.  Each  female  laid  one  or  two  to  ten  or  twelve 
eggs  a  day.     The  average  was  five  eggs  a  day. 

The  number  of  laying  days  was  observed  to  be  from  21  to 
23.  The  total  number  of  egg  spots  made  during  the  laying 
period  was  from  49  to  73.  The  total  number  of  eggs  laid  was 
from  81  to  135. 
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Table  1. — Egg-laying  data  of  five  females  of  Mertila  mulayensis. 


Culture 
number. 

Lay- 
ing 
days. 

Total 
num- 
ber of 

egg 
spots. 

Egg  spots  made 

Total 
num- 
ber of 

Number  of  eggs  per 
egg  spot. 

Number  of  eggs 
laid  daily. 

1 
2 
3 

4 
5 

Average,  _ 

21 
23 
21 
23 
22 

59 
73 
49 
42 
63 

Min. 
1 

Max. 
6 
6 
5 
4 
6 

Ave. 
3 
3 
2 
2 
3 

104 
135 
101 
81 
121 

Min. 

Max. 
6 
6 
6 
8 
5 

2 
2 

Min. 
1 

1 
2 

1 
1 

Max. 
12 
12 

10 
10 
12 

11 

Ave. 
5 
6 
5 
4 
5 

5 

22 

57.2 

1 

5.4 

2.6 

108 

1 

6 

2 

1 

Table  2. — Longevity  of  adult  Mertila  mayalensis,  based  on  five  males  and 

five  females. 


Culture  number. 

Emerged. 

Died. 

Duration. 

MALES 

1 

March,  19  UO 
7 

19JI^0 
March  31 

Days. 
24 
36 
31 
27 
33 

2 

8 ___ 

April  13 

3 

8 

April  8         _       

4 __ 

10 

April  6 

5 ___ 

10 

April  12 

Average  _ 

30.2 

FEMALES 

1 

6                      _     _ 

April  6 -   - 

31 
38 
33 
37 
33 

2 

8  ___          

April  15 

April  10__- 

3 

8 

4_     _ 

10 

April  16 

5_  _ 

10 

April  12 __ 

Average  - 

34.4 

The  longevity  of  the  five  males  and  five  females  is  shown  in 
Table  2.  After  emergence  the  adult  males  were  observed  to 
live  from  24  to  36  days,  and  the  adult  females,  from  31  to  38 
days.  According  to  Franssen  and  Tiggelovend(4)  the  adult  bugs 
live  for  about  2  months  in  Java. 

EGGS  AND  NYMPHS 

The  egg  is  ellipsoidal,  slightly  curved  towards  the  smaller  end 
(Plate  2,  fig.  2).  It  is  glistening  light  yellow,  1.1  millimeters 
long  and  0.25  millimeters  wide.  The  color  turns  to  rose  when 
the  egg  is  about  to  hatch. 

The  young  nymph  is  ovoid,  1.2  millimeters  long  and  0.3  milli- 
meter wide  (Plate  2,  fig.  3),  rose-colored,  with  light-colored, 
slender  antennse  and  legs. 
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The  old  nymph  is  also  ovoid,  4  by  2  millimeters,  and  brick-red 
(Plate  2,  fig.  4).  The  ventral  side  of  the  abdomen  is  lighter; 
the  legs  and  antennae  are  yellow;  the  eyes  are  red.  The  wing 
pads  are  prominent. 

The  nymphs  are  active  and  gregarious.  When  disturbed  they 
scatter  and  hide  on  the  opposite  side  of  the  leaf  and  among  the 
roots  of  the  plants. 

LENGTH  OF  LIFE  CYCLE 

Data  on  the  life  cycle  of  the  25  orchid  bugs  that  were  success- 
fully reared  in  the  laboratory  are  given  in  Table  3.  The  incu- 
bation period  of  the  eggs  ranges  from  15  to  16  days,  with  a 
mean  of  15.5  ±:  0.1012  days.  There  are  five  nymphal  instars. 
The  duration  of  the  first  instar  ranges  from  3  to  4  days,  with  a 
mean  of  3.2  dz  0.0592  days;  the  second  instar,  3  to  4  days,  with 
a  mean  of  3.5  ±:  0.1012  days;  the  third  instar,  3  to  4  days,  with 
a  mean  of  3.3  ±:  0.0917  days;  the  fourth  instar,  4  to  5  days,  with 
a  mean  of  4.2  ±:  0.0876  days ;  and  the  fifth  instar,  5  to  6  days, 
with  a  mean  of  5.3  ±  0.0953  days.  The  pupal  period  was  ob- 
served to  range  from  18  to  21  days,  with  a  mean  of  19.6  ±0.1426 
days. 

Table  S.—Life  cycle  of  the  orchid  bug,  Mertila  malayensis  Distant. 


Stage. 


Incubation  period 

First  instar 

Second  instar 

Third  instar 

Fourth  instar 

Fifth  instar 

Nymphal  period 

Egg  to  adult 

Emergence  to  egg  laying 
Life  cycle  (egg  to  egg)-- 


Number 

of 
cultures. 


25 
25 
25 
25 
25 
25 
25 
25 
15 
15 


Duration  in  days. 


Mini- 
mum. 


15 
3 
3 
3 
4 
5 

18 

33 
6 

41 


Maxi- 
mum. 


Mean. 


15.5 
3.2 
3.5 
3.3 
4.2 
5.3 

19.6 

35.0 
8.4 

43.7 


Standard 
error. 


0.1012 
0.0592 
0.1012 
0.0917 
0.0876 
0.0953 
0 . 1426 
0.1780 
0.4451 
0.3472 


Standard 
deviation. 


0.5063 
0.2962 
0.5063 
0.4587 
0.4378 
0.4766 
0.7130 
0.8898 
1.7237 
1.3457 


In  Java,  according  to  Franssen  and  Tiggelovend(4)  the  dura- 
tion of  the  egg  stage  is  not  known  and  the  nymphal  period  lasts 
about  4  weeks. 

The  period  from  the  laying  of  the  egg  to  the  emergence  of  the 
adult  lasts  from  33  to  37  days,  with  a  mean  of  35  ±  0.178 
days.  Among  the  emerging  adults  were  10  males  and  15  females. 
The  15  adult  females  began  to  lay  eggs  from  6  to  12  days  after 
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emergence,  with  a  mean  of  8.4  ±  0.4451  days.  The  total  life 
cycle  of  the  females  was  observed  to  be  from  41  to  46  days,  with 
a  mean  of  43.7  ±  0.3472  days. 

SUGGESTIONS   ON    MEANS   OF  CONTROL 

The  following  suggestions  are  submitted  as  means  of  con- 
trolling the  orchid  bug,  Mertila  malayensis: 

1.  Collecting  and  destroying  the  eggs,  nymphs,  and  adults 
when  present  on  the  orchid  plants. 

2.  Spraying  or  dipping  the  orchid  plants  in  insecticide  so- 
lutions, such  as  soap,  nicotine  sulphate,  derris,  and  pyrethrum 
compound. 

Ordinary  laundry  soap  at  the  rate  of  4  to  6  grams  per  liter 
of  water  is  effective  as  contact  spray. 

Tobacco  decoction  prepared  by  boiling  100  grams  of  tobacco 
waste  (cut  stems  and  leaves)  in  a  liter  of  water  for  about  30 
minutes  may  be  used,  1  part  in  4  to  6  parts  of  water.  Nicotine 
sulphate,  a  concentrated  tobacco  extract,  may  be  used  as  spray, 
1  part  mixed  with  700  to  800  parts  of  water. 

Derris  powder  which  contains  about  3  to  4  per  cent  rotenone 
is  also  effective  at  2  to  6  grams  per  liter  of  water.  Pyrethrum 
compound  may  be  used  like  derris  powder,  at  2  to  5  grams  per 
liter  of  water. 

Any  of  the  above-mentioned  insecticides  will  be  more  effective 
if  mixed  with  soap  solution  in  the  proportions  given. 

3.  Orchid  plants  should  be  kept  in  well-screened  orchid  houses 
in  order  to  protect  them  from  the  attack  of  this  destructive  pest. 

4.  Newly  collected  or  bought  orchid  plants  should  be  segre- 
gated and  examined  for  the  presence  of  this  pest,  which  is  often 
carried  with  the  host  plants.  It  is  important  that  these  plants 
be  immersed  once  a  week  in  any  of  the  above  solutions  until  all 
the  pests  harbored  by  them  are  killed. 

SUMMARY  AND  CONCLUSIONS 

1.  Mertila  malayensis  Distant  is  a  capsid  bug  pest  of  orchids, 
especially  Phalaenopsis  amabilis.  It  attacks  leaves,  peduncles, 
and  roots  of  orchid  plants,  causing  great  damage. 

2.  The  species  has  been  reported  from  Singapore,  Burma, 
Bhamo,  Java,  Netherland  Indies,  and  India,  and  has  been  intro- 
duced into  Germany.  This  pest  is  reported  for  the  first  time  in 
the  Philippines. 
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3.  The  bugs  injure  the  orchid  plants  by  means  of  feeding  and 
oviposition  punctures.  The  badly  infested  leaves  dry  up  and 
fall  off. 

4.  The  adult  bugs  are  described.  Mating  takes  place  during 
the  early  part  of  the  day  and  lasts  for  several  hours. 

5.  Observations  on  egg-laying  are  given.  Eggs  are  laid  in 
the  tissues  of  the  leaves,  parallel  to  the  veins,  either  singly  or 
in  groups  of  from  5  to  8  eggs  in  an  egg  spot.  A  female  makes 
from  1  to  6  egg  spots  a  day  and  makes  a  total  of  49  to  73  egg 
spots  during  her  laying  period.  Each  female  lays  from  1  to  12 
eggs  a  day.  The  total  number  of  eggs  laid  by  each  female  is 
81  to  135.  The  males  live  24  to  36  days,  and  the  females  31 
to  38  days. 

6.  The  egg  and  the  young  and  old  nymphs  are  described.  The 
nymphs  are  very  active  and  gregarious. 

7.  The  incubation  period  of  eggs  lasts  from  15  to  16  days,  with 
a  mean  of  15.5  ±  0.1012  days.  There  are  five  nymphal  instars; 
the  nymphal  period  lasts  from  18  to  21  days,  with  a  mean  of 
19.6  ±:  0.1426  days.  The  length  of  the  life  cycle  as  observed 
in  the  laboratory  is  41  to  46  days,  with  a  mean  of  43.7  ±  0.3472 
days. 

8.  Suggestions  on  means  of  control  are  included,  as  collecting 
and  destroying  the  pest ;  spraying  or  dipping  the  infested  orchid 
plants  in  soap,  nicotine,  sulphate,  or  derris  solution,  or  pyre- 
thrum  compound.  Screening  orchid  houses  gives  good  pro- 
tection to  orchids  from  the  attack  of  the  pest,  and  newly  acquired 
plants  should  be  segregated  and  immersed  in  insecticide  solution 
in  order  to  kill  all  pests  harboring  on  them. 
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ILLUSTRATIONS 

[The  drawings  were  prepared  by  illustrators  of  the  National  History   Museum  Division.] 

Plate  1 

Orchid  plants  (Phalaenopsis  amabilis  Blume)  showing  damage  done  by 
orchid  bugs.  Fig.  1,  plants  in  the  early  stage  of  infestation;  2,  badly 
damaged  plants.     X    1. 

Plate  2 

Fig.  1.  A  lower  portion  of  an  orchid  {Phalaenopsis  amabilis  Blume)  leaf 
showing  deposited  eggs,  X  2;  2,  egg,  X  35;  i^,  young  nymph, 
dorsal  view,  X  20;  .4,  old  nymph,  dorsal  view,  X  10;  5,  adult 
bug,  dorsal  view,  x  8;  <?,  caudal  end  of  adult  male  abdomen, 
ventral  view,  X  10;  7,  caudal  end  of  adult  female  abdomen,  ven- 
tral view,   X   10. 
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SUPPLEMENTARY  NOTES  ON  THE  ILOKO  VERB 


By  MoRiCB  Vanoverbergh 
Belgian  Missionary ^  Sahangan^  Mountain  Province,  Luzon 

MOODS  AND  TENSES 

1.  1.  The  present  and  past  tenses  have  been  studied  with  each 
prefix,  infix,  and  suflix,  which  have  ordinarily  two  forms,  one 
for  the  present  and  one  for  the  past. 

2.  The  past  is  often  indicated,  besides,  by  the  use  of  the  con- 
junction idi,  *when,'  or  of  the  adverbs  of  time  referring  to  the 
past.     Examples : 

idi  immdyak  when  I  came. 

idi  panagdladda  when  they  made  the  fence. 

idi  pannakabdutna  when  he  was  whipped. 

idi  ipapatdyna  when  he  died. 

idi  kalmdn  ti  yadyna  he  came  yesterday. 

simmangpet  idi  malem  he  arrived  yesterday  afternoon. 

itdy  ti  panagsdgadmi  we  swept  it  just  now. 
itdy   higdt   ti  pannakasdrakmi  ken-      we  found  him  this  morning. 
kudna 

3.  When  the  past  tense  has  to  be  emphasized,  or  when  it  can 
be  inferred  neither  from  the  form  of  the  verb  nor  from  the  con- 
struction of  the  sentence,  the  Iloko  put  the  adverb  itdy  or  idi  after 
the  verb.     Examples: 


napdn  idi 
nagsdngitak  idi 
nagpilpilayak  idi 
sikd  idi 
nasingpet  idi 
gayyemko  idi 
addd  idi 
awdn  idi 
managibit  idi 
napaldlo  itdy 
dakayo  itdy 
kaarobami  itdy 
addd  itdy 


he  went  formely. 

I  wept  formerly. 

I  was  limping  at  the  time. 

was  it  you? 

he  was  good. 

he  was  my  friend. 

there  was  some. 

he  was  not  there. 

he  wept  very  much. 

it  was  too  much. 

was  it  you? 

they  were  our  neighbors. 

he  was  here. 
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II.  The  imperative  is  not  distinguished  from  the  present  in 
affirmative  sentences ;  in  negative  sentences,  however,  the  adverb 
of  negation  di  is  often  preferred  to  sadn.     Examples: 

mapdnka  go. 

inkayo  go. 

agsdngitka  weep. 

agkatdwakayo  laugh. 

dika  mapdn  don't  go. 

dikayo  maturog  don't  sleep. 

dika  alden  don't  take  it. 

dikay  isangpet  don't  bring  it  in. 

sadnka  a  mapdn  you  don't  go   (or,  don't  go;  or,  you 

shall  not  go). 

III.  The  future  is  indicated  by : 

1.  The  conjunctions:  intono,  no  (ordinary  forms),  tono,  at- 
tono,  (rarely  used)  ;  they  are  follow^ed  by  a  verb  in  the  present. 
Examples : 

intono  ivmdy  when  he  shall  come. 

inton  awdn  ti  tdo  when  there  is  nobody. 

intono  agpabdut  agtardykami  when  he  has  us  whipped  we  shall 

run  away. 

bautek  no  umdy  I  shall  whip  him  when  he  comes. 

aldek  no  sumangpet  I  shall  take  it  when  he  arrives. 

tono  maydt  gatdngek  I  shall  buy  it  when  he  is  willing. 

attono  pumdnaw  when  he  goes  away. 

anton  addd  when  he  is  there. 

2.  The  interrogatives :  intonano  (ordinary  form),  no  and,  to- 
nano,  attonano,  antonano  (rarely  used).     Examples: 

intonano  ti  yadyna  when  does  he  come? 

intonano  ti  panangyegyo  when  do  you  bring  it? 

intonano  ti  panagsdngityo  when  do  you  weep? 

intonano  ti  pannaturogmo  when  do  you  sleep? 

no  and  ti  panagdlayo  when  do  you  take  it? 

tonano  ti  panagpandilingna  when  will  she  wear  skirts? 

attonano  ti  kaydtna  a  maardmid  when  does  he  want  it  done? 

antonano  ti  panagsuratmo  when  do  you  write? 

3.  The  adverbs  of  time  referring  to  the  future.     Examples : 

umdyak  no  higdt  I  shall  come  tomorrow, 

intono  malem  ti  panagsaritana  he  will  talk  this  afternoon. 

intono  rabii  ti  yadymo  come  this  evening. 

mapdnda  rabii  no  bigdt  they  will  go  tomorrow  evening. 

inka  bigdt  no  bigdt  go  tomorrow  morning. 

4.  The  addition  of  the  adverb  to  to  one  of  the  words  of  the 
clause  intimating  the  future,  ordinarily  and  more  correctly  to 
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the  first  word.     When  the  adverb  to  is  joined  to  a  word  ending 
in  a  vowel,  the  ligature  n  connects  the  two.    Examples: 

mapdnakto 

aldemto 

maydtakto  no  maydt  ti  kabsdtko 


bagdsto  ti  gatdngenda 

sagandenminto 

sagddanyonto 

sikdnto  ti  ayahdk 

inkanto    mangdla    ti    pdgay    ididy 

Bantdy 
napigsdnto  ti  kahdyom 
tinto  umdwat 
anidnto  ti  dawdtek 
itedkonto  kenkd  urayto  pay  ti  gud- 

dud  ti  pagaridk 
didanto  maramandn  ni  rigaten 


I  shall  go. 

you  will  take  it. 

I  shall  be  willing  when  niy  brother 

is  willing, 
they  will  buy  rice, 
we  shall  prepare  it. 
you  will  sweep  it. 
I  shall  call  you. 
you  will  go  to  get  rice  at  Bantay. 


your  horse  will  be  strong. 

the  one  who  will  receive. 

what  shall  I  ask? 

I  shall  give  it  to  you  even  though  it 
were  one  half  of  my  kingdom. 

they  will  not  taste  hardship  hence- 
forth. 
Note  1.  The  Iloko  know,  however,  that  the  future  is  always  uncertain, 
and  therefore,  when  they  want  to  express  an  event  that  will  certainly 
take  place,  excluding  all  possibility  of  doubt,  they  use  the  present  form 
without  the  adverb  to.  For  example,  umdyto,  he  will  come,  still  including 
the  possibility  of  his  not  coming;  umdy,  he  shall  come,  without  any  doubt. 
In  this  case,  the  context  must  show  what  tense  is  really  intended,  the 
present  or  the  future;  the  adverb  en,  for  example,  would  make  the  verb 
conclusively  present:  umdyen,  he  is  coming,  he  comes  already. 

IV.  To  indicate  that  something  happens  after  something  else, 
the  action  which  is  last  in  time  is  introduced  by  the  conjunction 
sa.  The  peculiarities  connected  with  the  use  of  the  possessives 
when  sa  is  followed  by  a  substantive  or  a  substantival  verb,  have 
been  alluded  to  before.^ 

1.  The  simple  conjunction  sa: 

a.  When  both  clauses  are  in  the  past.    Examples: 
immdy  ti  lakdy  sa  pimmdnaw  ti  ha-      the  old  man  came  and  then  the  old 


ket 
nangdla  iti  bagds  sdna  inldko 
nagtardy  ti  dso  sa  natdy 
nagsdngit  ti  ubing  sdda  bindut 

pimmidut  ti  kaarobami  sdkam  inda- 

rum 
intardyna  sdna  inasdwa 

inbdtina  sa  nagbabdwi 


woman  went  away, 
he  took  rice  and  then  sold  it. 
the  dog  ran  and  died, 
the   child   wept   and   they   whipped 

him. 
our  neighbor  stole  and  we  sued  him. 

he  eloped  with  her  and  then  married 

her. 
he  left  it  and  then  repented. 


^  The  Pronoun. 
691. 


II.    Possessives,  2.    Pecularities,  1.    Anthropos  28  (1933) 
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b.  Wlien  both  clauses  are  in  the  present.    Examples: 


umdyka  sdak  mapdn 

mangdlaka  iti  pdgay  sdda  maydt 

sumangpetda  sdkam  mangdla 

bumassit  sa  umadu 

agdsan  ti  gayyemko  sa  umimbdg  ti 

masakit 
gatdngenda  sdda  ildko 
agkatdwakami  sdkay  ipagel 
maydtka  sddaka  gayyim 


come  and  I  shall  go. 
take  rice  and  they  will  be  willing, 
let  them  arrive  before  we  take  some. 
it  decreases  and  then  increases, 
my  friend  treats  him  and  the  sick 

person  gets  well, 
they  buy  it  and  then  sell  it. 
we  laugh  and  you  forbid  it. 
be   willing   and   you    shall    be   our 

friend. 

c.  When  the  first  clause  is  in  the  past,  the  second  in  the  pres- 
ent.    Examples : 


he  wept  yesterday  and  now  asks  for 

it  again, 
he  sold  it  and  now  wants  it  back, 
you  ran  and  now  come  here, 
he  took  it  and  now  is  angry, 
he  was  still  willing  at  the  time  and 

now  refuses. 

2.  The  conjunction  sa  combined  with  the  adverb  to,  when  the 
second  clause  is  in  the  future.     Examples: 


nagsdngit  idi  kalmdn  sdna  dawdten 

manen 
inldkona  sdna  paisubli 
nag  tardy  ka  sdka  umdy  ditoy 
Indiana  sa  agunget 
maydt  pay  idi  sa  madi  itd 


birokem  ti  napukawmo  sdkanto  ma- 
ngdla iti  kanem 
kitdem  no  addd  sddanto  agrubbwdt 

agsdngitkayo    sddakayonto    bauten 
taraknem    daytoy    sdkamto    ibilang 

nga  andkmi 
sumdpulka  sdkanto  sumakdo 
umimbdg  pay  sdnto  mxibalin 

sadn  a  mapdn  sdnto  magongonadn 

aldenna  sdnanto  lutoen 

indlana  idi  kalmdn  sdnanto  isubli  no 

bigdt 
nangdn    itdy    sdnto    dwmdwat    mu- 

nen 
nagkatdwa  itdy  bigdt  sdnanto  iba- 

bdwi  no  malem 
gindtangmi  ti  kdyo  sdkamto  agpa- 


look  for  what  you  lost  and  then  take 
your  food. 

look  if  he  is  there  and  then  they 
shall  start. 

weep  and  they  will  whip  you. 

bring  this  one  up  and  we  shall  adopt 
him. 

look  for  some  and  then  draw  water. 

let  him  first  get  well  and  then  it 
will  be  allowed. 

if  he  does  not  go  he  will  be  reward- 
ed. 

he  takes  it  and  then  he  will  cook  it. 

he  took  it  yesterday  and  he  will  re- 
turn it  tomorrow. 

he  ate  just  now  and  then  he  will 
ask  for  it  again. 

he  laughed  this  morning  and  he  will 
repent  this  afternoon. 

we  bought  timber  and  then  we  shall 
takder  iti  baldy  build  a  house. 

V.  The  conditional  is  indicated  by  the  conjunction  no  and  the 
adverb  komd;  the  verb  is  either  in  the  present  or  in  the  past. 
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1.  Conditional  clause:  either  no  komd  no  introduces  it,  or  no 
introduces  it  and  komd  follows  the  first  word  or  words. 

2.  Principal  clause:  komd  follows  the  first  word  or  words; 
sometimes,  however,  it  is  dropped.     Examples: 


710  komd  no  nasingpet  ti  uhing  gon- 
gonadnrrvi  koTYid 

no  komd  no  addd  ididy  payegmi  ko- 
md ditoy 

no  komd  no  sadn  a  rabii  inkam  ko- 
md agay-dyam 

no  komd  no  addd  dsomi  inda  komd 
manganup 

no  komd  no  sumangpet  ti  uhing 
awdn  komd  ti  pambdryo 

no  komd  no  basdentayo  ti  surat  am- 
motay  komd  ti  ipaddmagna 

no  komd  no  gindtangda  ti  sukd  na- 
iinas  komd  ti  sidd 

no  komd  no  immdy  ti  gayyemko  idi 
kalmdn  sidk  ti  mapdn  no  bigdt 

no  komd  no  sadnda  a  nagsdngit  sa- 
dntay  komd  a  sinaplit 

no  komd  no  nalpds  ti  baldyna  sadn- 
na  komd  a  gindtang  daydi  maysa 

no  komd  no  immdy  ti  lakdy  napdn- 

kami  komd 
no  mapdn  komd  ti  kabsdtmi  agna- 

naedda  komd  ditoy 
no  nalukmeg   komd   ti  andkko   diak 

komd  madandgan 
no  sadnka  komd  a  nasadut  arami- 

dem  komd  ti  baldymo 
no    adu   komd    ti   bagds    bakndngda 

komd 
no  aivdn  komd  ti  pagpeggaddn  in- 
kam komd  ididy 
no  naimbdgkayo   komd  nga  ubbing 

adu  komd  ti  kukuayo 
no   ildkona   komd    ti   baldyna  gatd- 

ngenmi  komd 
no   inasdwana   komd    ti   baldsangko 

diak  komd  rebheng  ti  agpalpala- 

md 
no  nangdla  komd  ti  kaarohayo  ka- 

dagiti    alikdmenna    sadnna   komd 

a  rebheng  ti  bumulod 
no   binantdyanna  komd  ti  pdgaymi 

sadn  komd  a  kinndn  ti  bdbuy 
52993 7 


if  the  child  were  virtuous,  we  should 

reward  him. 
if  it  were  there,  we  should  bring  it 

here, 
if  it  were  not  evening,  we  should  go 

to  play. 
If   we   had    a    dog,    they   would   go 

hunting, 
if  the  child  would  arrive,  you  would 

have   no   excuse, 
if    we  '  read   the    letter,    we    should 

know  what  he  announces, 
if  they  had  bought  vinegar,  the  food 

would  be  palatable, 
if  my  friend  had  come  yesterday,  I 

should  go  tomorrow, 
if  they  had  not  wept,  we  should  not 

have  whipped  them, 
if  his  house  had  been  finished,   he 

would  not  have  bought  that  other 

one. 
if  the  old  man  had  come,  we  should 

have  gone, 
if  our  brother  would  go,  they  would 

stop  here, 
if  my  child  were  fat,  I  should  not 

be  worried, 
if   you    were    not    lazy,    you    would 

make  yourself  a  house, 
if  there  were  much  rice,  they  would 

be  rich, 
if  there  were  no  danger,  we  should 

go  there, 
if    you    were    good    children,    you 

would  have  much  property, 
if  he  sold  his  house,  we  should  buy 

it. 
if  he  had  married  my  daughter,  I 

should  not  be  obliged  to  beg. 

if  your  neighbor  had  taken  his  fur- 
niture, he  would  not  be  obliged  to 
borrow  things. 

if  he  had  watched  our  rice,  the  pigs 
would  not  have  eaten  it. 
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VI.  The  subjunctive  is  indicated  by  the  adverb  komd  placed 
after  the  first  word  or  words  of  the  sentence.     Examples: 


mangdla  komd 

birokem  komd 

isu  kom,d  ti  aramidenna 

awdn  komd  ti  dsoda 

sikd  koTYvd  ti  mapdn 

mabalin  komd 

ibdonmo  komd  iti  baldy 

simmungpet  komd  ti  andkko 

gindtangmi  komd  ti  baldyda 


he  should  take  some. 

you  should  look  for  it. 

that  is  what  he  should  do. 

they  should  have  no  dog. 

you  should  go. 

it  should  be  possible. 

you  should  send  it  to  the  house. 

my  son  should  have  come  home. 

we  should  have  bought  their  house. 

you  should  have  taken  the  cat. 

Peter  should  have  sent  me. 


ti  komd  pusa  ti  indlam 

ni  komd  Pedro  ti  nangbaon  kanidk 

VII.  The  optative  is  indicated  by  the  conjunctions:  sdpay 
(komd)  ta,  sdpay  (komd)  ,  ,  .  ta,  sdpay  (komd)  no,  sdpay 
(komd)  .  .  .  no,  napid  (komd)  no,  ndmak  (kad)  komd  no,  na- 
imbdg  (komd)  no,  and  other  ordinary  forms,  and  the  rarely  used 
forms  amangdn  no  ,  ,  ,  komd,  ngdman  ta  ,  ,  .  komd.  The 
verb  is  either  in  the  present  or  in  the  past.     Examples : 

sdpay  komd  ta  awdn  ididy 

sdpay  komd  ta  ildkona  ti  mxisdpul- 

mA 
sdpay  komd  ta  makabirok  iti  dsom,i 
sdpay  komd  ta  gindtangna  ti  baldy 
sdpay  ta  yegna  a  ddgus 
sdpay  koTnd  iti  Dios  ta  mapdnda 
sdpay  ken  apo  Dios  ta  sumangpet 
sdpay  komd  no  makadlakami 
sdpay  no  makapagndak 
sdpay   komd  iti   Dios   no   umdds   ti 

kanenmi 
sdpay  iti  Dios  no  maipabulodda 


napid  komd  no  awdn  ti  nagsakit 

7iapid  pay  no  agydnka  koind  ditoy 
ndmak  kad  komd  no  umdyda  itd 
ndmak  komd  no  makarudrka 

naimbdg  komd  no  awdn  ti  m,adi 

naimbdg  no  maydt 

di  pay  naimbdg   komd  no   awdn  ti 

matdy  kadatayo 
nasaydat  komd  no  madi 
nasaydat  no  addd 
amangdn   no    matdy ak    komd    gapo 

kenkd 
ngdman  ta  addd  komd  agldko 
^dman  ta  nagsiiratak  komd  idi 


I  wish  he  were  not  there. 
I  wish  he  sold  what  we  need. 

I  wish  he  might  find  our  dog. 

I  wish  he  had  bought  the  house. 

I  wish  he  brought  it  at  once. 

would  God  they  went. 

would  God  he  arrived. 

I  wish  we  could  take  some. 

I  would  I  could  walk. 

would  God  we  had   enough  food. 

v^ould  God  they  allowed  us  to  bor- 
row it. 

all  right  if  there  were  no  sick  peo- 
ple. 

it  would  be  better  if  you  stayed  here. 

I  would  they  came  now. 

I  would  you  passed  your  examin- 
ation. 

it  were  all  right  if  nobody  refused. 

all  right  if  he  is  willing. 

would  it  not  be  lovely  if  none  of  us 
died? 

I  wish  he  refused. 

all  right  if  he  is  there. 

I  wish  I  might  die  for  you. 

I  would  some  people  sold  it. 
I  would  J  had  written  before. 
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VIII.  The  infinitive  and  the  present  participle,  as  we  under- 
stand them  in  English,  are  rendered  into  Iloko  by  a  verb  con- 
nected with  a  substantive,  a  predicate  or  another  verb,  either 
immediately  or  by  a  ligature. 

1.  Infinitive: 

a.  A  verb  connected  with  an  auxiliary  (no  ligature).  See 
Auxiliaries.^    Examples : 

napdn  nangdla  he  went  to  take  some. 

napdnna  gindtang  he  went  to  buy  it. 

inna  alden  he  goes  to  take  it. 

immdy  simmakdo  she  came  to  draw  water. 

6.  An  adjectival  verb  connected  with  a  predicate  by  the  li- 
gature ti.    See  The  Ligature  ti  (2).3     Examples: 

naimbdg  ti  aginand  it  is  good  to  rest. 

nakaay-aydt  ti  agay-dyam  it  is  lovable  to  play. 

ddkes  ti  agtdkaw  it  is  bad  to  steal. 

c.  An  adjectival  verb  connected  with  a  substantival  verb  by 
the  ligature  ti.    See  The  Ligature  ti  (3).^    Examples: 

kaydtko  ti  mapdn  I  want  to  go. 

ammona  ti  agbdsa  he  knows  how  to  read. 

kaydtmi  ti  agddal  we  want  to  learn. 

mabalinko  ti  agikkis  I  can  shout. 

d.  A  substantival  verb  connected  with  a  substantive  by  the 
ligature  a  or  nga.  See  The  Ligature  a  or  nga  (II,  B,  8).^  Ex- 
amples : 

annong  a  sadn  a  tungpdlen  a  duty  not  to  be  complied  with. 

rebbeng  a  lualoen  one  should  recite  the  prayer    (lite- 

rally: a  duty  to  recite  the  pray- 
er). 

tdo  nga  ayaten  a  man  to  be  loved. 

e.  A  substantival  verb  connected  with  a  predicate  by  the  li- 
gature a  or  nga.  See  The  Ligature  a  or  nga  (II,  B,  8).^  Ex- 
amples : 

ddkes  nga  inumen  it  is  bad  to  drink  it. 

nakaskasddaw  a  kitkitden  it  is  wonderful  to  behold. 

ddkes  a  di  patien  ti  saona  it  is  bad  not  to  believe  his  words. 

naalds  nga  isurat  it  is  bad  taste  to  write  it. 

narigat  a  baonen  it  is  hard  to  send  him. 

ddkes  nga  aramiden  it  is  bad  to  do  it. 
maikari  nga  annugoten  ti  nagandk      our  parents  are  worthy  to  be  obeyed. 
kadatdo 

^Page  205.  « Unpublished.  *Ibid.  ''Ibid.  «Ibid. 
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/.  A  substantival  verb  connected  v^ith  another  substantival 
verb  by  the  ligature  a  or  nga.  See  The  Ligature  a  or  nga  (II, 
B,  11).'     Examples: 

ammoyn  nga  inornong  you  knew  how  to  gather  them. 

ammom  nga  inilald  you  knew  how  to  take  good  care  of 

it. 

kaydtko  nga  alden  I  want  to  take  it. 

itedna  nga  ipainum  he  gives  it  to  drink. 

ammona  a  sapulen  he  knows  how  to  look  for  it. 

kaydtda  a  gatdngen  they  want  to  buy  it. 

2.  Present  participle: 

a.  A  verb  connected  with  a  predicate  by  the  ligature  a  or  nga. 
See  The  Ligature  a  or  nga  (II,  B,  9).^     Examples: 

nadardsyo  nga  indla  you  were  quick  getting  it. 

nasadut  a  mamunag  he  is  lazy  in  carrying. 

6.  An  adjectival  verb  connected  w^ith  another  adjectival  verb 
by  the  ligature  a  or  nga.  See  The  Ligature  a  or  ng(^  (H,  B, 
13).^     Examples: 

agpukpukkdwkayo  a  matmaturog  you  shout  in  your  sleep    (literally: 

sleeping) . 
agsur sural  a  mangmangdn  he  writes  eating. 

agbasbdsaka  a  magmagnd  you  read  walking. 

agindyadda  nga  agtardy  they  run  slowly   (literally:  they  go 

slow  running). 

c.  An  adjectival  verb  connected  with  addd  by  the  ligature  a 
or  iiga.     See  The  Ligature  a  or  nga  (II,  B,  14).^^     Examples: 

addd  nga  umdy  there  he  is  coming. 

adddda  a  maydt  there  they  are  willing. 

d,  A  substantival  verb  connected  with  an  adjectival  verb  by 
the  ligature  a  or  nga.  See  The  Ligature  a  or  nga  (II,  B,  12).^^ 
Examples : 

di  suniungbdt  nga  ayabdn  he  does  not  answer  being  called. 

di  tumalidw  a  pakisaodn  he  does  not  look  back  being  spoken 

to. 

Note  2.  It  goes  without  saying  that  the  above  division  is  more  or  less 
arbitrary,  as  the  English  forms  and  the  Iloko  forms  are  of  an  entirely 
different  nature.  That  is  the  reason  why  we  always  refer  to  the  corre- 
sponding treatment  under  the  ligature. 

''Ibid.  nbid.  "^Ibid.  ^'^Ibid.  "Ibid. 
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IX.  The  English  past  participle  is  rendered  into  Iloko : 

1.  By  an  adjectival  verb  in  na.    See  The  Prefix  Ma.^^     Ex- 
amples : 

naardTnid  it  is  done. 

naipatakder  ti  baldy  the  house  is  built. 

naipaW'it  ti  surat  the  letter  is  sent. 

naasindn  ti  kdrne  the  meat  is  salted. 

2.  By  a  substantival  verb  in  the  past.     Examples : 

tinadtdd  hashed. 

lindga  daytd  that  is  woven. 

tinuno  ti  kaydtmi  we    want    roasted    (meat,    and    the 

like). 

inanger  komd  it  should  be  boiled  (meat). 

inpakset  burnt   (rice,  and  the  like). 

viinuldan  planted. 

rinanggdsan  injured. 

agardmidka  iti  linugaw  make  rice  porridge, 

inkapilitan  ti  panagkondda  they  say  so  under  compulsion  (lite- 

rally:  they  are  obliged). 

ginagdra  ti  pannakaitibkulna  he  stumbles  on  purpose    (literally: 

intentionally) . 

aldem  ti  inapuy  take  rice  (literally:  placed  over  the 

fire). 

binubodan  ti  inumenda  they  drink  rice  wine  (literally:  fer- 

mented). 

inkiwar  ti  intedda  they    gave    us    pudding    (literally: 

stirred). 

AUXILIARIES 

I.  The  most  used  auxiliaries  are: 

1.  In  and  mapdn:  to  go. 

2.  Umdy:  to  come. 

II.  The  auxiliaries  always  precede  the  principal  verb  imme- 
diately v^^ithout  any  connecting  ligature.     Examples: 

in  agbirok  he  goes  to  look  for  some. 

mapdn  mangdla  he  goes  to  take  some. 

imidy  agtdkaw  he  comes  to  steal. 

^^  Philip.  Journ.  Sci.  71    (1940)   22. 
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III.  All  pronouns,  adverbs,  and  so  on,  that  have  to  be  joined 
to  the  verb,  are  always  joined  to  the  auxiliary  and  never  to  the 
principal  verb.     Examples: 


innak  alden 
inkam  biroken 
innak  agldko 
inkam  agluto 
inkanto  ipulang 
inkaminsa  maturog 
mapdntayo  mangdyo 
Ttiapdnda  gumdtang 
mapdntayo  bauten 
mapdnda  sagddan 
mapdnto  mangdn 
umdyda  suroten 
umdykayo  makiay-dyam 
umdyda  "tnakisarita 
umdykayo   sapliten 
umdysa  uminum 
ti  uTTidyna  itatdo 

kaano    ti    immdyna    panangted    iti 
daytoy 

IV.  When  the  principal  verb  is  in  the  past  tense  the  auxiliary 
has  to  be  put  in  the  same  tense,  provided  that  it  be  susceptible 
of  a  past  form.  The  same  rule  applies  to  any  verb  connected 
with  another  verb  in  the  past.     Examples: 


I  go  to  take  it. 

we  go  to  look  for  it. 

I  go  to  sell. 

we  go  to  cook. 

you  will  go  and  return  it. 

I  think  we  better  go  to  sleep. 

let  us  go  to  gather  wood. 

they  go  to  buy. 

let  us  go  and  whip  him. 

they  go  to  sweep  it. 

he  will  go  to  eat. 

they  come  to  follow  him. 

come  and  play  with  us. 

they  come  to  talk  with  us. 

come  and  whip  him. 

he  probably  comes  to  drink. 

his  coming  to  become  man. 

when  did  he  bring  this? 


innak  indla 
inkam  binirok 
napdntayo  nangdyo 
napdnda  gimmmtang 
napdntayo  bindut 
napdnda  sinagddan 
immdyda  sinurot 
imTndykayo    nakiay-dyam 
immdyda  nakisarita 
immdykayo  sinaplit 
nagindyad  a  nagtardy 
nagbasbdsa  a  nagnagnd 
nagsursurat  a  nangnangdn 
di  simmungbdt  nga  inayabdn 
kinaydtmi  ti  nagddal 
intedna  nga  inpainum 
nabalinko  komd  nga  inldko 
rinugidnda  a  kinond 


I  went  to  take  it. 

we  went  to  look  for  it. 

we  went  to  gather  wood. 

they  went  to  buy. 

we  went  to  whip  him. 

they  went  to  sweep  it. 

they  came  to  follow  him. 

you  came  to  play  with  us. 

they  came  to  talk  with  us. 

you  came  to  whip  him. 

he  ran  slowly. 

he  read  walking. 

he  wrote  eating. 

he  did  not  answer  when  called. 

we  wanted  to  study. 

he  gave  it  to  drink. 

I  could  have  sold  it. 

they  began  to  say. 
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REDUPLICATION  OF  VERBAL  STEMS 

I.  Besides  the  several  reduplications  alluded  to  in  the  above 
treatment  of  the  verb,  the  Iloko  use  extensively  two  kinds  of 
reduplication  of  verbal  stems : 

1.  The  reduplication  of  the  first  open  syllable. 

2.  The  reduplication  of  the  first  open  syllable  with  the  next 
consonant  if  there  is  any. 

A  third  one,  the  reduplication  of  two  syllables,  is  not  so  com- 
mon.^^ 

II.  1.  The  first  of  these  reduplications  indicates  a  certain  eas- 
iness, cleverness,  naturalness,  and  so  on,  in  the  performing  of 
the  action,  and  so  it  very  often  indicates  that  something  is  done 
by  many.  For  example:  agtugdw:  he  sits;  agtutugdw:  he  sits 
in  peace,  easily,  restfully;  tumugdw:  he  sits  down;  tumutugdw: 
he  sits  down  for  the  smallest  reason,  he  cannot  stand  for  any 
length  of  time;  kumagdt:  he  bites  (although  not  actually)  ;  ku- 
makagdt:  he  is  a  fierce  one  always  ready  to  bite;  agdpada:  they 
quarrel;  agadpada:  they  (more  than  two)  quarrel.     Examples: 

they  are  mother  and  daughters, 
they  are  uncle  and  nephews, 
both  made  a  contract. 


agiindda 
aguulitegda 
nagtutulagda  a  dud 
ag  tatakderkay  o 
agguguranguradanto 
no  panagadpit 
agsasallopangda 
umadrem  daytd  baro 

ti  pagdudupudupan 
luTnuluto  ti  asdwak 
timadgas  ni  Pedro 
agaardyatda 
agsasagunsagMay  dagitd 

nagdidigusda  dmin 
ti  panagadyko  ditoy 
isu  ti  nagsasayadtanda 
ti  pagoornongan  ti  rugit 
dumaddit  ni  Ana 
sumusurat  daytd  baldsanj 
umadpalkayo 
ti  pagsasangodn 

^^  Notes  on  Iloko    (Chapter  I. 
(1928)    1040. 


stand  up. 

they  will  hate  one  another. 

at  the  time  of  the  harvest. 

they  face  one  another. 

that   young  man   is   very   much    in 

love, 
the  meeting  place. 
my  husband  is  a  cook. 
Peter  is  a  physician, 
they  lend  a  helping  hand. 
those  try  to  outdo  one  another  in 

good  qualities. 
they  all  bathed, 
my  coming  here, 
that  is  what  makes  them  good, 
the  place  where  dirt  gathers. 
Ann  is  a  seamstress. 
that  girl  is  a  writer, 
you  are  jealous, 
where  one  faces  others. 

VII.   Reduplications,   I).     Anthropos   23 
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Note  3.  When  the  stem  is  a  name  of  an  animal,  and  the  like,  this  re- 
duplication and  the  prefix  ag  or  mang  very  often  mean:  to  steal  the  ani- 
mal, and  so  on,  in  question.     Examples: 


agkakalding  dagitd 
Tiiang  kakaldingda 
mangnumcdng  ti  kailidm 
Tiiainabdbuy  dagitoy  a  lakdy 
agpapdgay  ti  kaarobami 
nagiitlog  daytd  pusa 
agbabaydbas  dagiti  ubbing 


those  steal  goats. 

they  steal  goats. 

your  fellow  citizen  steals  carabaos. 

these  old  men  steal  pigs. 

our  neighbor  steals  rice. 

that  cat  stole  eggs. 

the  boys  steal  guavas. 


2.  The  second  of  these  reduplications  corresponds  to  our  own 
progressive  form.  For  example :  agtugdw:  he  sits ;  agtugtugdw: 
he  is  sitting;  tumugdw:  he  sits  down;  tumugtugdw:  he  is  sitting 
down.     Examples : 


ag  tartar dy  ni  Leon 
nagbasbdsa  idi  malem 
tumartardy  pay  Ideng 
immin4num  ti  dso 
makaturturog  daytd  ubing 
nakasarsdrakda  iti  ugsd 
makiring  ring  gov  ken  kabsdtko 
nakidawddwat  kanidk  iti  drak 
rriangal-dla  iti  bagdsmi 
nangbakbakldy  iti  nadagsen 
puspusden  ti  tindpay 
inas-dso  ti  kdrne 

makitkita  ti  baldy 
nabanbantdyan  ti  pdgay 
sursurotennakami 
binirbirokmi  idd 
banbantdyanna  ti  baket 
sinagsagddanda  ti  silidko 
ipulpulangda  ti  pagsildwan 
inbabbabdda  ti  pdgay 
ibaybayodnna  idd 

inar-aramidanda  ni  kabsdtko  ti  ba- 
ldy 
masapsdpulko 
nasagsdgidko 


Leo  is  running. 

he  was  reading  yesterday  afternoon. 

he  is  still  running. 

the  dog  was  drinking. 

that  child  is  getting  sleepy. 

they  were  meeting  a  deer. 

he  is  quarreling  with  my  brother. 

he  was  asking  me  for  wine. 

he  is  taking  our  rice. 

he  was  carrying  a  heavy  load. 

the  bread  is  being  eaten  by  the  cat. 

the   meat  was   being  eaten  by  the 

dog. 
the  house  can  be  seen, 
the  rice  was  being  watched, 
he  is  following  us. 
we  were  looking  for  them, 
he  is  watching  the  old  woman, 
they  were  sweeping  my  room, 
they  are  returning  the  lamp, 
they  were  lowering  the  rice, 
he  is  pounding  rice  for  them, 
they  were  making  a  house  for  my 

brother. 
I  am  needing  it. 
I  was  touching  him. 
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3.  The  third  of  these  reduplications  indicates  repetition  of  the 
same  action.  For  example:  agtalidw:  he  looks  around;  agtalia- 
talidw:  he  looks  around  all  the  time.     Examples : 


agsuhlisubli  ti  ubing 
ti  panagbaliwbdliw  ti  ndkem 
nagsardesardeng  kami 
agwakatwdkat  ti  pandilingna 
siiTmirotsurot  ti  kalding 
Ufnanges-dnges  ta  nag  tardy 

masinasinada 
naiwaraswdras  ti  lupot 
kamatkamdtenda  idd 
pisangpisdng  enna 
ginuyodguyodda 
inyunay-unayna 


the  child  is  coming  and  going. 

fickleness. 

we  stopped  repeatedly. 

her  shirt  moves  back  and  forth. 

the  goat  follows  all  the  time. 

he   is  panting  for  breadth  because 

he  ran. 
they  all  separate, 
the  clothes  are  scattered  around, 
they  persecute  them, 
he  tears  it  up. 
they  dragged  him  along, 
he  recommended  it  insistingly. 


III.  When  no  consonant  follows  the  first  vowel  of  the  stem : 

1.  The  reduplication  of  the  first  open  syllable  retains  its  orig- 
inal meaning  of  easiness,  and  so  on. 

2.  The  progressive  form  is  indicated  by  the  reduplication  of 
the  initial  open  syllable  and — 

a.  The  shifting  of  the  accent  from  the  last  of  the  two  consec- 
utive vowels  of  the  stem,  to  the  reduplicated  syllable ; 

b.  The  reduplication  of  the  initial  consonant  of  the  stem,  if 
the  first  of  the  two  consecutive  vowels  of  the  stem  bears  the 
accent,  or  if  a  suflSx  has  drawn  the  accent  after  it.^^ 

For  example:  a.  agsao:  he  talks;  agsasao:  he  talks  much, 
noisily;  agsasao:  he  is  talking;  sumao:  he  speaks;  sumasao:  he 
speaks  well,  fluently;  sumasao:  he  is  speaking,  b,  agddit:  she 
sews;  agdaddit:  she  sews  nicely;  agdadddit:  she  is  sewing;  du- 
'indit:  she  can  sew,  she  knows  how;  dumaddit:  she  sews  well,  she 
is  a  good  seamstress,  although  she  does  not  always  sew ;  dumad- 
ddit:  she  is  sewing  for  a  while;  saoenna:  he  says;  sasaoenna: 
he  always  says;  sassaoenna:  he  is  saying;  daitenna:  she  sews 
it;  dadaitenna:  she  sews  it  nicely,  with  ease;  daddaitenna:  she 
is  sewing  it. 

IV.  1.  When  a  syllable  of  the  stem  has  been  eliminated  by 
syncope,  through  the  addition  of  a  prefix  or  infix,  this  prefix, 
for  example,  is  considered,  at  least  partially  if  it  has  more  than 


^*  Notes  on  Iloko  Chapter  I,  IV. 
VII.    Reduplications,  2. 


Accent,  2.     Retrogression,  III  &  IV; 
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one  syllable,  as  a  part  of  the  stem,  when  reduplication  occurs.^*"* 
Examples : 


lumlumteg  ti  luppona 
mangmangdn  ti  ubing 
manmanbi  ni  Ana 
Tiiahmahlo  ti  sdkak 
kalkalpds  ti  luto 
ipadpadldwna  ti  kinakunengna 
nakaskasddaw  ti  makita 
nakalkalddang  a  buybuyden 
makangkangngeg 


his  thigh  is  swollen. 

the  child  is  eating. 

Ann  is  spinning. 

my  foot  is  sprained. 

the  cooking  is  just  finished. 

he  shows  his  stupidity. 

the  sight  is  wonderful. 

it  is  a  pitiful  sight. 

he  can  hear. 


2.  When  the  prefix  is  a  complex  one,  very  often  the  initial  pre- 
fix alone  is  considered  as  such,  and  the  rest  is  considered  as  a 
part  of  the  stem,  when  reduplication  occurs.^^'     Examples : 


agiinnokomda 

agtitinnulong  dagiti  kaarobami 

agiinndpal  dagiti  baldsang 

aglilinnipatda 

agpipinnautang  dagiti  gayyemmi 

nagpipinnanunotda  iti  bidngda 
agkakasinsinda 
agkakatardyda 
dikayo  agkakapagnd 
agparpariknd 

agpaspasurotda  nga  agludlo 
agkarkaraipugsdt  ti  tali 
pagtagtagiammodn  daytd 
agin-innondkam  nga  agkabldaw 
mamagpagsdgad  ti  baket 

naikaskasigud  ti  aydtna 
maipappapilit 


they  judge  one  another. 

our  neighbors  help  one  another. 

the  girls  envy  one  another. 

they  forget  one  another. 

our  friends  lend  money  to  one  an- 
other. 

they  thought  among  themselves. 

they  are  first  cousins. 

they  run  all  together. 

do  not  walk  all  together. 

he  is  making  insinuations. 

they  are  leading  the  prayers. 

the  rope  is  breaking  all  the  time. 

that  is  doubtful. 

we  vie  to  be  the  first  to  greet  him. 

the  old  woman  is  ordering  sweep- 
ing. 

he  has  always  loved. 

it  has  to  be. 


3.  Sometimes  either  the  whole  complex  prefix,  or  a  simple 
prefix,  at  least  partially  if  it  has  more  than  one  syllable,  may 

^^  Notes  on  Iloko.  Chapters  I,  VI.  Syncopations,  etc.  I.  Note.  An- 
thropos  23  (1928)  1035. 

^®  Notes  on  Iloko.  Chapters  I,  VII.  Reduplications,  I.  Note  1.  An- 
thropos  23   (1928)  1040. 
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be  considered  a  part  of  the  stem,  when  reduplication  occurs.^  ^ 
Examples : 

um-umdy  ti  dso  the  dog  is  coming. 

7'imrimmudr  ti  pusa  the  cat  was  coming  out. 

mangmangtedkayo  you  are  giving. 

ik-ikkdm  idd  give  them. 

marmarudm  daytd  that  one  is  getting  used  to  it. 

padpadaksenda  ti  gayyemda  they  are  slandering  their  friend. 

pinalpalubosanna  ti  andkna  he  was  letting  his  son  go. 

pappapudotem  warm  it. 

parparagsakem  ti  indm  make  your  mother  happy. 

ipappapdnko  a  kastd  I  am  supposing  so. 

makimkimisakaTni  we  are  always  going  to  mass. 

isu  ti  nakabkabasolanna  that  is  where  he  made  a  mistake. 

natnaturog  dagiti  ubbing  the  children  were  sleeping. 

nangnangrona  a  ddkes  it  is  especially  bad. 

sang  sang  kagidddnda   nga  aramiden      they  do  it  all  together 

mamasirib  dagitd  lakdy  those  old  men  are  wise. 

Note  4.  The  prefix  i  of  complex  prefixes  is  never  considered  as  a  part 
of  the  stem,  provided  it  follows  the  simple  prefix  immediately.     Examples: 

agipabpabdsol  ti  kaddalko  my  classmate  is  accusing  people. 

agitartardy  kadagiti  kukuami  he  is  running  away  with  our  prop- 

erty. 
mangmangyeg  iti  bagds  he  is  bringing  rice. 

But:  agkarkaraiboong  he  always  breaks  things. 

SYNOPSIS 

To  give  an  idea  of  the  great  number  of  forms  a  verbal  stem 
may  acquire  through  the  addition  of  verbal  prefixes,  infixes,  and 
suffixes,  and  through  the  different  reduplications,  we  shall  give 
here  a  list  of  the  verbal  forms  of  the  stem  sural,  ^writing/  This 
list,  however,  is  far  from  complete,  and  we  hope  the  student  will 
be  kind  enough  to  supply  any  omissions,  which  might  readily 
occur  in  such  an  enumeration. 

This  list  is  an  obvious  vindication  of  the  linguist  who  arranges 
a  dictionary  of  Iloko  according  to  stems,  and  not  according  to 
complete  words.  It  should  be  noted,  however,  that  several  of 
these  forms  are  rarely  used,  and  that  some  of  them  are  not 
allowed  with  all  verbal  stems.  One  may  have  lived  for  years 
in  the  Iloko  country  without  having  heard  each  and  every  one 
of  these  forms;  nevertheless,  they  are  all  correct  and  may  be 
used  occasionally,  some  more,  others  less. 

"Notes  on  Iloko.  Chapters  I,  VII.  Reduplications,  I.  Notes  1  &  2. 
Anthropos  23   (1928)  1040,  1041. 
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PRESENT 


agsurat 

agsusurat 

agsursurat 


ENGLISH   PRESENT 
1.  PREFIX  AG 

he  writes 

he  writes  well 

he  is  writing 


PAST 

nag sural 

nagsusurat 

nagsursurat 


Note  5.  As  it  would  be  tedious  to  repeat  this  triple  form  with  each 
separate  item  of  this  table,  we  shall  only  give  the  forms  without  redupli- 
cations; it  should  be  noted,  however,  that  this  triple  form  is  always  allowed, 
except  when  the  first  open  syllable  is  reduplicated  in  the  original  form, 
for  example,  aginsusurat,  isusurat,  and  so  on,  in  which  case  only  the  orig- 
inal form  is  allowed.  Sometimes  a  part  of  the  complex  prefix  is  considered 
a  part  of  the  stem,  and  affects  reduplications  accordingly;  for  example: 
the  reduplications  of  the  form  agpasurat  are:  agpapasurat  and  agpaspa- 
sural. 


managsural 

he  writes  much 

pa g sural 

something  to  write  with 

pinagsural 

pagsurdlan 

where,   why,   to   whom 
one  writes 

nagsurdlan 

panagsural 

how,  when  one  writes 

panagsurdtan 

writing 

pagsurdlen 

to    order    somebody    to 
write 

pinagsural 

mangpagsurat 

he  orders  somebody  to 
write 

nangpagsural 

mamagsural 

do. 

namagsural 

manangpag  sural 

he   often   orders   some- 
body to  write 

rtmnamag  sural 

do. 

mammagsural 

do. 

pangpagsural 

something   with   which 
to  order  somebody  to 
write 

pinangpag  sural 

pamagsurat 

do. 

pinamagsural 

pang  pagsurdlan 

where,   why,   to   whom 
one  orders  somebody 
to  write 

nangpagsurdlan 

pamagsurdlan 

do. 

namagsurdlan 

panangpag  sural 

how,  when  one  orders 
somebody  to  write. 

panamagsurat 

do. 

pammagsHral 

do. 

panangpag  snrdlan 

ordering    somebody    to 
write 

panamagsurdlan 

do. 

parrvmagsurdlan 

do. 

pangpagsurdlen 

to    order    somebody   to 
order  another  one  to 
write 

pinamagsural 

pamagsurdten 

do. 

pinangpag  sural 

mapagsurat 

he  is  ordered  to  write 

napagsHral 
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Note  6.  The  student  will  kindly  supply  each  of  the  next  forms,  in 
which  the  complex  prefixes  are  derived  from  the  simple  prefix  ag,  with 
all  the  above  forms,  38  in  number. 


agsanurat 
agisurat 

agpasurat 

agpanurat 
agpaisurat 

agipasurat 

agpaipasurat 

aginsusurat 
agpaginsusurat 

agsinnurat 
agpasinnurat 

agpinnasurat 

agpinnaisurat 

agpinnaipasurat 

agsuransurat 
agpasuransurat 

agsinnuransurat 
agpasinnuransurat 

agkaraisurat 

ag  karaipasura  t 

agkaraipaisurat 

agkaraipaipasurat 


agtagisurat 
agtagipagsurat 


he  always  writes 

he  writes  something 
down 

he  orders  somebody  to 
write 
do. 

he  orders  somebody  to 
write  something  down 

he  gives  something  to 
be  written 

he  orders  somebody  to 
give  something  to  be 
written 

he    pretends    to    write 

he  orders  somebody  to 
pretend  to  write 

to  write  to  one  another 

to  order  to  write  to  one 
another 

to  order  one  another  to 
write 

to  order  one  another  to 
write  something  down 

to  order  one  another  to 
give  something  to  be 
written 

to  write  to  one  another 

to  order  to  write  to  one 
another 

to  write  to  one  another 

to  order  to  write  to  one 
another 

he  always  writes  some- 
thing down 

he  always  orders  some- 
body to  write 

he  always  orders  some- 
body to  write  soine- 
thing  down 

he  always  orders  some- 
body to  give  some- 
thing to  be  written 

he  has  a  letter 

he  has  something  to 
write  with 


nagsanurat 
nagisurat 

nagpasurat 

nagpanurat 
no.gpaisurat 

nagijmsurat 

nagpaipasurat 

naginsusurat 
nagpaginsusura  t 

nagsinnurat 
nagpasinnurat 

nagpinnasura  t 

nagpinnaisura  t 

nagpinnaipasurat 

nagsiiransurat 
nagpasuransiirat 

nagsinrmransurat 
nagpasinniiransurat 

nagkaraisuroA 

nagkaraipasura  t 

nagkaraipaisurat 

nagkaraipaipasurat 


nagtagisurat 
nag  tagipagsura  t 
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agtagipagisurat 

ag  tagipagipasura  t 

agtagipagpasurat 
ag  tagipagpaisurat 

ag  tagipagpaipasurat 
etc. 


he  has  something  with 
which  to  write  some- 
thing down 

he  has  something  to 
give  something  to  be 
written 

he  has  something  to  or- 
der somebody  to  write 

he  has  something  to  or- 
der somebody  to 
write  something  down 

he  has  something  to  or- 
der somebody  to  give 
something  to  be  writ- 
ten 

etc. 


nag  tagipagisurat 

nagtagipagipasurat 

nag  tagipagpasura  t 
nagtagipagpaisurat 

nagtagipagpaipasurat 
etc. 


2.  INFIX  UM 

sumurat 

he  writes  for  a  while 

simmurat 

isusurat 

how,   when   one  writes 
for  a  while 

pasurdten 

to  tell  somebody  to  write 

pinasurat 

mangpasurat 

he    tells    somebody    to 
write 

nangpasurat 

mamasurat 

do. 

namasurat 

manangpasurat 

he  often  tells  somebody 
to  write 

manamasurat 

do. 

mammasurat 

do. 

pangpasurat 

something   with    which 
to    tell    somebody    to 
write 

pinangpasurat 

pamasurat 

do. 

pinamasurat 

pangpasurdtan 

where,    why,    to    whom 
one     tells     somebody 
to  write 

nangpasurdtan 

pamasurdtan 

do. 

panangpasurat 

how,    when    one    tells 
somebody  to  write 

namasurdtan 

panamasurat 

do. 

pammasurat 

do. 

panangpasurdtan 

telling      somebody      to 
write 

panamasurdtan 

do. 

parmnasurdtan 

do. 
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pangpasurdten 

to    order    somebody   to 
tell    another    one    to 
write 

pinangpaaurat 

pamasurdten 

do. 

pinamasurat 

mapasurat 

he  is  told  to  write 

napasurat 

etc. 

etc. 

3.  PREFIX  MAKA 

etc. 

makasurat 

he  can  write 

Tiakasurat 

mannakasurat 

he  can  write  much 

pakasurdtan 

where,   why,   to  whom 
one  can  write 

nakasurdtan 

pannakasurat 

how,     when     one     can 
write 

pannakasurdtan 

being  able  to  write 

pakasurdten 

to  make  somebody  able 
to  write 

pinakasurat 

mangpakasurat 

he      makes      somebody 
able  to  write 

nangpakasurat 

mamakasurat 

do. 

namakasurat 

manangpakasurat 

he   often   makes   some- 
body able  to  write 

manamakasurat 

do. 

mammakasurat 

do. 

pangpakasurat 

something   with   which 
to     make     somebody 
able  to  write 

pinangpakasurat 

pamakasurat 

do. 

pinamakasurat 

pang  pakasurdtan 

where,   why,   to   whom 
one  makes  somebody 
able  to  write 

nangpakasurd  tan 

pamakasurdtan 

do. 

namakasurdtan 

panangpakasurat 

how,   when   one  makes 
somebody  able  to  write 

panamakasurat 

do. 

pammakasurat 

do. 

panang  pakasurdtan 

making  somebody  able 
to  write 

panamakasurdtan 

do. 

panvmakasurdtan 

do. 

pang  pakasurdten 

to    order    somebody   to 
make  another  able  to 
write 

pinangpakasura  t 

pamakasurdten 

do. 

pinamakasurat 

mapakasurat 

he    is    made    able    to 
write 

napakasurat 
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Note  7.  The  student  will  kindly  supply  each  of  the  next  forms,  in  which 
the  complex  prefixes  are  derived  from  the  simple  prefix  maka,  with  all  the 
above  forms,  36  in  number. 


makaisurat 

makapagsurat 

makapagisurat 

makapagsinnurat 

makapagsuransurat 

makapagsinnuransurat 

Tnakapagpasurat 

makapagpaisurat 

makapagpaipasurat 

makapagtagisurat 
makapagtagipagsurat 

makapagtagipagisurat 


makapagtagipagipasu- 
rat 


makapag  tagipagpasu- 
rat 


makapagtagipagpaisu- 
rat 


makapag  tag  ipagpaipa- 
siirat 


he  can  write  something 
down 

it  is  possible  for  him  to 
write 

it  is  possible  for  him  to 
write  something  down 

to  be  able  to  write  to 
one  another 
do. 
do. 

it  is  possible  for  him  to 
have  something  writ- 
ten 

it  is  possible  for  him  to 
have  something  writ- 
ten down 

it  is  possible  for  him  to 
give  something  to  be 
written 

it  is  possible  for  him  to 
have  a  letter 

it  is  possible  for  him  to 
have  something  to 
write  with 

it  is  possible  for  him  to 
have  something  with 
which  to  write  some- 
thing down 

it  is  possible  for  him  to 
have  something  to 
give  something  to  be 
written 

it  is  possible  for  him  to 
have  something  to  or- 
der somebody  to 
write 

it  is  possible  for  him 
to  have  something  to 
order  somebody  to 
write  something  dowK 

it  is  possible  for  him  to 
have  something  to  or- 
der somebody  to  give 
something  to  be  writ- 
ten 


nakaisurat 

nakapagsurat 

nakapagisurat 

nakapagsinnurat 

7iakapagsuransurat 

nakapagsinmiransurat 

nakapagpasurat 

nakapagpaisurat 

nakapagpaipasurat 

nakapagtagisurat 
nakapagtagipagsurat 

nakapagtagipagisurat 


nakapagtagipagipasu- 
rat 


nakapagtagipagpasurat 


nakapag  tagipagpaisu- 
rat 


nakapagtagipagpaipa- 
surat 
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makapaginsusurat 
makapasurat 
makapanurat 
Tnakapaisurat 
makapaipasurat 
etc. 

makisurat 
mannakisurat 

pakism'at 

pakisurdtan 

pannakisurat 

pannakisurdtan 
pakisurdten 

mangpakisurat 

mamakisurat 
manangpakisurat 


manamakisurat 
mammakisurat 
pangpakisurat 


pamakism-at 
pang  pakisurdtan 


pamakisurdtan 
panangpakisurat 


panamakisurat 
pammakisurat 
panang  pakisurdtan 

panamakisurdtan 
pammakisurdtan 


it  is  possible  for  him  to      nakapaginsusurat 

pretend  to  write 
he  can  have  something      nakapasurat 

written 
he  can  order  somebody      nakapanHrat 

to  write 
he  can  have  something      nakapaisurat 

written  down 
he  can  give  something      nakapaipasurat 

to  be  written 

etc.  etc. 


4.   PREFIX  MAKI 

he  v/rites  with  others 
he    writes    much    with 

others 

something    with    which 

to  write  with  others 

where,    why,    to    whom 

one  writes  with  others 

how,   when   one  writes 

with  others 
writing  with  others 
to    order    somebody    to 

write  with  others 
he  orders  somebody  to 
write  with  others 
do. 
he   often   orders   some- 
body   to    write    with 
others 
do. 
do. 
something    with    which 
to  order  somebody  to 
write  with  others 
do. 
where,    why,   to   whom 
one  orders  somebody 
to  write  with  others 
do. 
how,   when  one  orders 
somebody     to     write 
with  others 
do. 
do. 
ordering    somebody    to 
write  with  others 
do. 
do. 


nakisurat 

pinakisurat 
nakisurdtan 


pinakisurat 

nangpakisHrat 

namakisurat 


pinangpakisurat 


pinamakisurat 
nang  pakisurdtan 


namakisurdtan 
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pangpakisurdten 


pamakisurdten 
mapakisurat 


to    order    somebody   to 
order  another  to  write 
with  others 
do. 

he  is  ordered  to  write 
with  others 


pinangpakisurat 


pinamakisurat 
napakisurat 


Note  8.  The  student  will  kindly  supply  each  of  the  next  forms,  in  which 
the  complex  prefixes  are  derived  from  the  simple  prefix  maki,  with  all  the 
above  forms,  38  in  number. 


makisinnurat 
makisuransurat 
makisinnuransurat 
makisumurat 
TYvakipag  sural 

makipagisura  t 


makipaginsusurat 

makipagsinnurat 

makipagsuransurat 
TTUt  kipagsinnuransura  t 
makipagpasura  t 

makipagpaisura  t 

makipagpaipasura  t 

makipasurat 
makipanurat 
ntakipaisurat 

makipaipasurat 
etc. 


to  write  to  one  another 
do. 
do. 

he  wants  to  write 

he  also  writes  with 
others 

he  also  writes*  some- 
thing down  with 
others 

he  pretends  with  others 
to  be  writing 

also  to  write  to  one  an- 
other 

also  to  write  with  others 
do. 

he  also  with  others  or- 
ders something  to  be 
written 

he  also  with  others  or- 
ders something  to  be 
written  down 

he  also  with  others 
gives  something  to 
be  written 

he  also  orders  some- 
thing to  be  written 

he  also  orders  some- 
body to  write 

he  also  orders  some- 
thing to  be  written 
down 

he     also     gives     some- 
thing to  be  written 
etc. 


nakisinnurat 

nakisuransurat 

nakisinnuransurat 

nakisumurat 

nakipagsurat 

nakipagisurat 


nakipaginsusurat 

nakipagsinnura  t 

nakipagsuransura  t 
nakipagsinnuransura  t 
nakipagpasurat 

nakipagpaisura  t 

nakipagpaipasurat 

nakipasurat 
nakipanurat 
nakipaisurat 

nakipaipasura  t 
etc. 
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sm^dten 

mangsurat 

manurat 

manangsurat 

mananurat 

mannurat 

pangsurat 

panurat 
pangsurdtan 

panurdtan 
panangsurat 

pananurat 

pannurat 

panangsurdtan 

panamirdtan 

pannurdtan 

pangsurdten 

panurdten 
mangpangsura  t 

mangpanurat 
mamangsurat 
mamanurat 
manangpang  sura  t 


tyianangpanura  t 
manamang  sural 
inanamanurat 
mamangsurat 
mammanurat 
pang  pangsurat 


pang panurat 
pamangsurat 
pamanurat 
pangpangsurd  ta7i 


pangpanurdtayi 
pamangsurdtan 
pamanurdtan 


5.  SUFFIX  EN 

to  write  something 
he  writes  something 

do. 
he  writes  many  things 
do, 
do. 
something      to      write 
something  with 
do. 
where,    why,    to    whom 
one  writes  something 
do. 
how,   when   one  writes 
something 
do. 
do. 
writing  something 
do. 
do. 
to    order    somebody    to 
write  something 
do. 
he  orders  somebody  to 
write  something 
do. 
do. 
do. 
he   often   orders   some- 
body to  write  some- 
thing 
do. 
do. 
do. 
do, 
do. 
something   with   which 
to  order  somebody  to 
write  something 
do. 
do. 
do. 
where,   why,   to   whom 
one  orders  somebody 
to  write  something 
do. 
do. 
do. 


sinurat 

nangsurat 

nanurat 


pinang  sural 

pinantirat 
nangsuratan 

nanurdtan 


pinang  sural 

pinanurat 
nangpangsura  t 

nang  panurat 
naniang  sural 
namanurat 


pinangpangsura  t 


pinangpanurat 
pinamangsura  t 
pinamanurat 
nangpangsurdtan 


nangpanurdlan 
namangsurdtan 
namanurdlan 
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panangpangsurat 


panamangsurat 

panamanurat 

pammangsurat 

pammanurat 

panangpangsurdtan 

panangpanurdtan 
panamangsurdtan 
panamanurd  tan 
pammangsurd  tan 
pammanurdtan 
pangpangsurdten 


pangpanurdten 

pamangsurdten 

pamanurdten 

mapangsurat 

mapanurat 

rrmsnrat 
pasurat 
mangpasurat 

t7ia7nasurat 

manangpasurat 

manamasurat 
mam/masurat 
pangpasurat 


pamasurat 
pangpasurdtan 


pamasurdtan 
panangpasurat 


panamasiirat 
pammasurat 
panangpasurdtan 

panamasurdtan 
pammasurdtan 


how,  when  one  orders 
somebody     to     write 
something 
do. 
do. 
do. 
do. 
ordering    somebody    to 
write  something 
do. 
do. 
do. 
do. 
do. 
to    order    somebody    to 
order      another      to 
write  something 
do. 
do. 
do. 
do. 
he  is  ordered  to  write 
something 
do. 
it  is  written 
to   order   something  to 

be  written 
he  orders  something  to 

be  written 
he  often   orders   some- 
thing to  be  written 
do. 
do. 
something   with    which 
to  order  something  to 
be  written 
do. 
where,   why,   to   whom 
one  orders  something 
to  be  written 
do. 
how,  when   one  orders 
something  to  be  writ- 
ten 
do. 
do. 
ordering   something  to 
be  written 
do. 
do. 


pinangpangsurat 


pinangpanurat 

pinamangsurat 

pinamanurat 

napangsurat 

napanurat 

nasurat 

pinasurat 

nangpasurat 

Tnamasurat 


pinangpasurat 


pinamasurat 
nangpasurdtan 


namasurdtan 
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pangpasurdten 

to    order    somebody   to 
order    something    to 
be  written 

pinangpasurat 

pamasuraten 
mapasurat 

do. 
it    is     ordered    to    be 
written 

pina7nasurat 
napasurat 

etc. 

etc. 

6.  SUFFIX  AN 

etc. 

siirdtan 

masiirdtan 

pasurdtan 

mapasurdtan 

to  write  on  something 

it  is  written  upon 

to   order   something  to 

be  written  upon 
it  is  ordered  to  be  writ- 

sinurdtan 
nasurdtan 
pinasurdtan 

napasurdtan 

etc. 

ten  upon 

etc. 

7.  PREFIX  / 

etc. 

isurat 

to      write      something 
down 

insurat 

mangisurat 

he     writes     something 
down 

nangisurat 

manangisurat 

he  writes  many  things 
down 

pangisurat 
pangisurdtan 

something      to      write 

something  down 
where,    why,   to   whom 

pinangisurat 
nangisurdtan 

panangisurat 

panangisurdtan 
pangisurdten 

mang  pangisurat 

mamangisurat 
manang  pangisurat 


manamangisurat 
mammangisurat 
pang  pangisurat 


pamangisurat 


one  writes  something 
down 
how,   when   one  writes 

something  down 
writing  something  down 
to    order    somebody   to 
write  something  down 
he  orders  somebody  to 
write  something  down 
do. 
he  often   orders   some- 
body to  write  some- 
thing down 
do. 
do. 
something   with    which 
to  order  somebody  to 
write  something  down 
do. 


pinangisurat 
nang  pangisurat 
namangisurat 


pinangpangisura  t 


pinamangis  urat 
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pangpangisurdtan 


pamangisurdtan 
panangpangisurat 

panajnangisui'at 
pammangisurat 
panangpangisurd  tan 

panamangis  urd  tan 
pammangisvrdtan 
pang  pang  isurdten 


pamangisurdten 
'mapangisurat 

maisurat 
paisurat 

mangpaisurat 

mamaisurat 
manangpaisura  t 

vnanamaisurat 
Tiiammaisura  t 
pang  paisurat 


pamaisurat 
pangpaisurdtan 


panmisurdtan 
panang  paisurat 


panamaisurat 
pamtnaisurat 
panang  paisurdtan 

panamaisurdtan 
pammaisurdtan 


where,   why,   to   whom 
to  order  somebody  to 
write  something  down 
do. 
how,  when  to  order  to 
write  something  down 
do. 
do. 
ordering    somebody    to 
write  something  down 
do. 
do. 
to    order    somebody    to 
order      another      to 
write  something  down 
do. 
he  is  ordered  to  write 

something  down 
it  is  written  down 
to  order  something  to 

be  written  down 
he  orders  something  to 
be  written  down 
do. 
he  orders  many  things 
to  be  written  down 
do. 
do. 
something   with   which 
to    order    something 
to  be  written  down 
do. 
where,   why,   to   whom 
one  orders  something- 
to  be  written  down 
do. 
how,  when  one  orders 
something  to  be  writ> 
ten  down 
do. 
do. 
ordering   something   to 
be  written  down 
do. 
do. 


nangpangisurdtan 
namangisurd  tan 


pinayigpangisurat 

pinamangisurat 
napangisurat 

naisurat 
pinaisurat 

nangpaisurat 

namaisurat 


pinang  paisurat 


pinamaisurat 
nangpaisurdtan 


namaisurdtan 
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pangpaisurd  ten 

to    order    somebody    to 
order    something    to 
be  written  down 

pmangpaisura  t 

pamaisurdten 

to   order    somebody   to 
order    something    to 
be  written  down 

pinamaisurat 

mapaisurat 

it  is  ordered  to  be  writ- 
ten down 

napaisurat 

etc. 

etc. 

8.  COMBINATION  I  ...  AN 

ef^. 

isurdtan 

to  write  something  for 
somebody 

insurdtan 

maisurdtan 

something    is    written 
for  him, 

naisurdtan 

paisurdtan 

to   order   something  to 
be  written  for  some- 
body 

pinaisurdtan 

viapaisurdtan 

something  is  ordered  to 
be  written  for  him 

napaisurdtan 

etc. 

etc. 

9.  PREFIX  IPA 

etc. 

ipasurat 

to  give  something  to  be 
written 

inpasurat 

viangipasurat 

he  gives   something  to 
be  written 

nangipasHrat 

manangipasurat 

he  gives   many   things 
to  be  written 

pangipasurat 

something   with   which 
to  give  something  to 
be  written 

pinangipasurat 

pangipasurdtan 

where,   why,  to   whom 
one  gives  something 
to  be  written 

nangipasurd  tan 

panangipaaurat 

how,    when    one    gives 
something  to  be  writ- 
ten 

panangipasurdtan 

giving  something  to  be 
written 

pangipasurdten 

to    order   somebody   to 
give  something  to  be 
written 

pinangipaaurat 

mang  pangipasurat 

he  orders  somebody  to 
give  something  to  be 
written 

nangpangipasurat 

mamangipasurat 

do. 

namangipasurat 

manangpangipasurat 

he  often  orders  some- 
body  to    give    some- 
thing to  be  written 

manamangipasurat 

do. 

mammangipasurat 

do. 
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pangpangipasurat 


pavuingipasurat 
pangpangipasurdtan 


pamangipasurdtan 
punangpangipasurat 


panarnangipasurat 
paniTnang  ipasura  t 
panangpangipasurdtan 


panamangipasurdtan 
pammangipasurd  tan 
pangpangipaswrdten 


pamangipasurdten 
mapangipasurat 


Trmipasurat 
paipasurat 
mangpaipasurat 


maTTiaipasurat 
manang  paipasurat 


manamaipasurat 
mammaipasurat 
pang  paipasurat 


pamaipasurat 
pangpaipasurd  tan 


pamaipasurdtan 


something      to      order 
somebody      to      give 
something  to  be  writ- 
ten 
do. 
where,    why,   to    whom 
one  orders  somebody 
to  give  something  to 
be  written 
do. 
how,  when   one  orders 
somebody      to      give 
something       to       be 
written 
do. 
do. 
ordering    somebody    to 
give  something  to  be 
written 
do. 
do. 
to    order    somebody    to 
order  another  to  give 
something  to  be  writ- 
ten 
do. 
he   is    ordered   to   give 
something  to  be  writ- 
ten 
it  is  given  to  be  writ- 
ten 
to   order   something  to 

be  written 
he  orders  something  to 
be  given  to  be  writ- 
ten 
do. 
he   often   orders   some- 
thing to  be  given  to 
be  written 
do. 
do. 
something   with    which 
to    order    something 
to    be    given    to    be 
written 
do. 
where,   why,   to   whom 
one  orders  something 
to    be    given    to    be 
written 
do. 


pinangpangipasurat 


pinamangipasurat 
nangpangipasurdtan 


namangipasura  tan 


pinangpangipasurat 


pinamangipasurat 
napangipasurat 


naipasurat 
pinaipasurat 
nang  paipasurat 

namaipasurat 


pinang  paipasurat 


pinamaipasura  t 
nangpaipasurdtan 


namaipasurd  tan 
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panangpaipasurat 


panamaipasurat 
parmnaipasm'at 
panangpaipasurdtan 


panamaipasurdtan 

jjammaipasurdtan 

pangpaipasiirdten 


pamaipas  iirdten 
mapaipasurat 

etc. 


how,   when   one   orders 
something  to  be  given 
to  be  written 
do. 
do. 
ordering    something   to 
be  given  to  be  writ- 
ten 
do. 
do. 
to    order    somebody    to 
order  something  to  be 
given  to  be  written 
do. 
it  is  ordered  to  be  giv- 
en to  be  written 
etc. 


pinangpaipasurat 


pinamaipasurat 
napaipasurat 

etc. 
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Books  reviewed  here  have  been  selected  from  books  received 
by  the  Philippine  Journal  of  Science  from  time  to  time  and  ac- 
knowledged in  this  section. 

REVIEWS 

Dictionary  of  Geological  Terms  (exclusive  of  stratigraphic  formations  and 
paleontologic  genera  and  species).  By  C.  M.  Rice.  Ann  Arbor,  Mi- 
chigan, Edwards  Brothers,  Inc.,  1940.     461  pp.     Price,  $6. 

This  dictionary  is  a  very  complete  compilation  of  geological 
terminology  and  contains  about  15,000  terms.  Each  term  is  fol- 
lowed by  a  brief  definition  which  has  been  extracted  from  a 
previous  compilation  on  the  word  of  a  recognized  authority,  or 
which  has  been  "edited  and  approved  by  that  member  of  the 
Princeton  Department  of  Geology  in  whose  field  the  term  lies." 
Reference  to  the  former  compilation  or  the  authority  quoted 
is  given  in  parenthesis  following  the  definition.  The  lack  of 
reference  to  either  the  original  definition  or  a  recognized  au- 
thority is  a  disadvantage  to  a  reader  desiring  a  more  complete 
discussion.  In  some  cases  there  seems  to  be  an  unnecessary  dis- 
regard of  controversial  meanings. 

In  spite  of  these  deficiencies,  however,  the  book  will  be  a  worth- 
while addition  to  the  library  of  a  geologist  or  a  mining  engineer 
as  well  as  to  a  scientific  library,  for  it  is  convenient  to  use  and 
gives  definitions  of  geological  terms  in  a  readily  understandable 
form.— R.  W.  M. 

Periodic  Health  Examination;  a  Manual  for  Physicians.  2d  rev.  ed.  By 
the  American  Medical  Association.  Chicago,  The  Association,  1940. 
104  pp.,  iUus.     Price,  $0.25. 

This  pamphlet  is  a  useful  guide  to  the  preservation  of  health 
and  the  amelioration  of  disease ;  namely,  by  the  periodic  medical 
examination  of  healthy  or  apparently  healthy  people,  including 
prenatal  as  well  as  postnatal  examination  at  all  ages.  Formerly 
the  physician's  attention  was  largely  confined  to  examination  of 
the  sick  and  the  application  of  appropriate  remedies;  now  it  is 
no  less  important  task  of  forestalling  sickness  and  suffering  by 
examination  of  those  who  are  well  and  advice  against  unhealthy 
habits  and  unhygienic  modes  of  living.     People  should  be  advised 
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that  a  periodic  overhauling  of  the  human  machine  is  necessary 
for  the  preservation  of  health. — W.  V. 

Cancer,  a  Handbook  for  Physicians.  Prepared  by  the  Tumor  Committee 
of  the  Connecticut  State  Medical  Society.  Hartford,  The  Connecticut 
State  Department  of  Health,  1939.     193  pp.,  illus. 

This  little  book  is  a  handy  reference  for  every  physician.  Al- 
though some  books  discuss  cancer  in  a  more  detailed  fashion,  it 
is  worthwhile  for  a  practitioner  to  be  able  to  get  hold  of  one  like 
this — concise  yet  informative.  The  State  Tumor  Committee  of 
Connnecticut  has  done  a  great  service  in  publishing  this  book. 

—P.  S.  C. 

Social  and  Biological  Aspects  of  Mental  Diseases.  By  Benjamin  Malzberg. 
Utica,  New  York,  State  Hospitals  Press,  1940.     360  pp.     Price,  $2.50. 

Numerous  years  of  experience  make  Benjamin  Malzberg,  Ph. 
D.,  a  capable  researcher  in  the  field  of  mental  diseases.  The 
present  book  is  the  result  of  the  author's  unprecedented  and 
untiring  effort  in  ransacking  the  noted  libraries  of  psychiatric 
and  mental  clinics.  It  is  well  written  and  contains  numerous 
tabulations.  It  will  serve  as  a  guide  for  students  in  the  field 
of  psychiatry.  With  its  statistical  tabulations  it  should  facil- 
itate a  comparative  and  comprehensive  study  of  the  mental 
diseases  as  described  in  each  chapter. — F.  S.  S.  M. 

Profitable  Poultry  Keeping.  By  H.  Clyde  Knandel.  New  York,  Orange 
Judd  Publishing  Company,  Inc.,  1940.     462  pp.,  illus.     Price,  $3. 

'^Profitable  Poultry  Keeping,''  written  by  H.  Clyde  Knandel, 
Professor  and  Head  of  the  Poultry  Department  of  the  Pennsyl- 
vania State  College,  is  a  fundamentally  sound  and  practical  text 
for  beginners,  vocational  school  pupils,  college  students  in  need 
of  an  elementary  text  in  poultry  husbandry,  and  farmers  and 
commercial  poultry  raisers  with  practical  poultry-keeping  prob- 
lems. The  book  was  written  to  meet  actual  needs  and  to  render 
the  greatest  possible  service  to  all  who  are  contemplating  a  study 
of  poultry  husbandry. 

The  style  of  the  book  offers  four  clear-cut  educational  advan- 
tages. At  the  beginning  of  each  chapter  several  keynote  ques- 
tions are  presented  for  the  purpose  of  emphasizing  the  major 
objectives  covered  by  the  chapter.  Each  chapter  is  followed 
by  discussion  topics,  laboratory  projects,  and  further  reading 
references  which  serve  as  teaching  aids  to  the  instructor  and 
learning  aids  to  the  pupil  and  the  general  reader.  Numerous 
topics  and  projects  are  offered,  so  that  the  teacher  may  choose 
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those  that  best  meet  local  conditions.  Carefully  selected  ref- 
erences, for  those  who  desire  more  information  on  any  specific 
topic,  are  appended  to  each  chapter.  In  addition,  many  helpful 
sources  of  other  information,  including  a  complete  list  of  the 
standard  classes,  breeds,  and  varieties  of  poultry  and  the  aver- 
age percentage  of  commonly  used  poultry  feeds,  are  given  in  the 
appendix.  The  book  as  a  whole  attempts  to  bring  together  in 
a  brief  and  systematic  fashion  present-day  knowledge  of  the 
problems  encountered  in  poultry  husbandry. 

The  author  starts  with  a  discussion,  in  Chapter  I,  of  the  im- 
portance, development,  and  exceptional  vocational  opportunities 
that  poultry  keeping  offers.  Step  by  step  the  science  and  art  of 
poultry  keeping  are  discussed,  from  the  egg  and  its  incubation 
in  Chapter  III,  to  the  marketing  and  disposal  of  the  final  product. 
In  poultry,  as  well  as  in  all  branches  of  productive  agriculture, 
better  strains  and  breeds  are  now  produced.  This  improvement 
is  attributed  to  two  major  factors  (1)  environment  and  (2) 
improved  breeding  methods.  The  former  includes  feeds  and 
feeding  management,  which  are  discussed  in  chapters  V,  VI, 
VII,  and  VIII,  and  housing,  discussed  in  chapters  IX,  X,  and 
XL  Problems  and  methods  in  poultry  breeding  including  the 
fundamental  laws  involved  are  discussed  in  chapters  XIII  and 
XIV. 

The  biggest  problem  facing  the  poultry  industry  today  is  the 
high  annual  mortality  caused  by  diseases  and  parasites.  The 
failure  of  a  poultry  farm  is  almost  invariably  due  to  the  ravages 
of  disease  and  parasites  of  some  kind.  Chapter  XVI  deals  with 
the  common  diseases  and  parasites,  and  includes  a  plan  for  dis- 
ease prevention. 

The  author  closes  his  book  with  a  discussion  on  the  different 
factors  that  may  affect  the  poultryman's  profit.  As  in  any 
other  business,  personal  attention  plays  a  very  important  role 
in  the  successful  operation  of  a  poultry  farm. 

The  text  is  well  illustrated  throughout  with  photographs  of 
high  instructional  value,  carefully  chosen  diagrams,  charts,  and 
tables.— R.  G.  M. 

The  Milking  Goat;  a  Practical  Hand-Book  for  the  Novice,  as  well  as  a 

Book  of  Reference  for  the  Seasoned  Goat  Dairyman.     By  M.  R.  Steffen. 

Vincennes,  Indiana,  W.  L.  Tewalt,  1940.     69  pp.     Price,  $1. 

This  little  book,  besides  being  easy  to  understand  by  the  laity, 

contains  worthwhile  and  practical  information  on  the  goat  as  a 

milk  producer.     At  the  beginning,  however,  the  author  is  a  little 
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too  anxious  to  give  views  that  require  proof.  He  mentions  "an 
unknown  factor  in  milk  wholly  divorced  of  our  understanding 
of  nutrition,  etc.,  states  that  cow's  milk  is  "rather  crudely  emul- 
sified," and  that  "milk  not  fit  to  drink  raw  is  not  fit  to  drink  at 
all/'  Canned  and  powdered  milk  are  certainly  wholesome  and 
the  most  convenient  form  where  fresh  milk  is  not  available. 
While  this  work  is  intended  to  give  helpful  hints  to  beginners,  it 
is,  nevertheless,  a  handy  and  useful  reference  for  every  farmer 
and  every  seasoned  dairyman. — C.  X.  B. 

Basket  Pioneering:  a  Popular  Hand-Book  Containing  Concise  Basketry 
Directions  with  Clear  Simple  Diagrams — Designed  for  the  Beginner 
as  Well  as  the  More  Experienced  Basket  Weaver.  By  Osma  Palmer 
Couch.  Rev.  ed.  New  York,  Orange  Judd  Publishing  Company,  Inc., 
1940.     163  pp.,  illus.     Price,  $1.75. 

The  book  gives,  in  lesson  form,  various  methods  for  making 
different  kinds  of  baskets.  Each  lesson  states  the  materials  to 
be  used,  and  the  steps  in  making  a  basket,  part  by  part,  or  in 
manipulating  every  kind  of  special  material  that  is  to  be  used. 

That  the  processes  involved  in  shaping  the  material  are  easy 
is  evidenced  by  the  fact  that  the  materials  are  round,  like  vines, 
willow^  rods,  and  reeds,  which  require  only  a  very  few  hand  tools 
— the  bolo  or  knife  being  the  most  important.  Because  of  the 
abundance  of  materials  for  basket  making  in  our  forests,  the 
art  herein  described  should  give  rise  to  household  industries  and 
thus  contribute  much  towards  providing  a  means  of  livelihood 
to  many  who  live  near  forests.  The  book  is  highly  recommended 
as  an  addition  to  every  school  library,  especially  to  every  in- 
dustrial school  library. — C.  P. 

Money  Making  Formulas.  Edited  by  C.  A.  Crowley.  Chicago,  Illinois, 
Popular  Mechanics  Press,  1939.     480  pp.     Price,  $4.35. 

The  title  of  this  book  is  indeed  attractive,  and  unlike  similar 
publications,  the  book  is  more  than  a  mere  collection  of  formulas. 
It  opens  with  a  discussion  of  developing  and  marketing  a  new 
product.  It  tells  how  to  use  formulas,  test  them,  and  make  im- 
provements upon  them.  It  also  explains  in  a  simple  manner  the 
various  experimental  methods,  such  as  weighing,  measuring, 
volume,  grinding,  mixing,  making  solutions,  heating,  filtration, 
distillation,  compounding,  and  how  to  make  emulsions,  which  are 
ordinarily  encountered  in  an  experimenter's  laboratory.  The 
main  body  of  the  book  follows.  It  consists  of  twenty-five  chap- 
ters devoted  to  discussions,  methods  of  manufacture,  and  for- 
mulas of  various  kinds  of  commercial  products,  such  as  soaps. 
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polishes,  glues,  paints,  varnishes,  cosmetics,  food  products,  and 
pharmaceutical  products.  Each  of  these  chapters  is  preceded 
by  a  very  simple,  nontechnical  discussion  of  the  characteristics 
and  requisites  of  a  particular  class  of  products,  like  polishes, 
for  example.  The  functions  of  the  principal  ingredients  used 
in  a  certain  formula  and  the  methods  of  treating  them  to  bring 
about  the  desired  results  are  also  discussed  in  some  detail.  Re- 
ferences to  more  detailed  or  additional  manufacturing  informa- 
tion are  found  at  the  end  of  each  chapter. 

If  one  of  the  aims  of  this  book  is  to  acquaint  **young  chemists 
who,  after  leaving  the  university,  are  faced  with  the  problem 
of  finding  out  precisely  what  a  chemist  does  to  earn  his  pay," 
this  aim  is  achieved  in  a  large  measure.  To  the  experienced 
chemist  entering  a  new  industry  this  book  will  also  be  of  great 
interest. — I.  P. 

Be  Your  Own  Gardener.  How  to  Make,  Maintain  and  Find  Satisfaction 
in  Intimate  Flower  Gardens.  By  Sterling  Patterson.  New  York  and 
London,  Harper  &  Brothers,  1940.     370  pp.,  illus.     Price,  $2.50. 

This  book,  with  its  beautiful  photographic  illustrations  and  a 
glossary  of  garden  terms,  is  intended  primarily  as  a  "guide, 
philosopher  and  friend''  to  hundred  of  thousands  of  Americans 
who  cherish  the  art  of  garden  making  on  a  small  scale.  The 
author  presents  his  subject  matter  in  the  simplest  manner  pos- 
sible, based  mostly  on  the  application  of  tested  principles  and 
on  his  personal  experience  as  to  the  fashioning  and  maintenance 
of  flower  gardens.  The  arts  of  designing  a  garden,  fertilizing 
the  soil,  caring  for  lawns,  and  treating  different  garden  species 
as  to  their  requirements  and  arrangements,  are  given  extensive- 
ly. Although  this  book  was  written  primarily  to  suit  American 
conditions  and  tastes,  many  of  the  principles  discussed  can  be 
applied  in  the  Tropics,  where  many  of  the  species  mentioned 
can  be  satisfactorily  grown  and  many  naturalized  ones  can  be 
substituted  with  the  least  trouble.  Thus  this  book  not  only  pro- 
vides wholesome  reading  matter  for  garden-minded  individuals 
to  broaden  their  horizon  in  the  art  of  gardening,  but  also  serves 
as  a  guide  to  them  in  starting  their  own  gardens.— J.  B.  J. 
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REDUCING  THE  ACIDITY  OF  MANILA  COPAL 

REACTION  OP  RUN  COPAL  AND  GLYCEROL 

By  Gloria  D.  Manalo  and  Augustus  P.  West 
Of  the  Bureau  of  Science,  Manila 

ONE  TEXT  FIGURE 

Natural  resins  are  obtained  as  exudations  of  forest  trees. 
They  have  been  used  for  years  in  making  high-grade  varnishes. 
The  copals  are  the  most  important  of  the  natural  resins.  There 
are  two  general  classes  of  copals,  Congo  and  Manila.  The 
Congo  variety  is  obtained  from  the  Congo  district  in  Africa, 
while  the  Manila  product  comes  from  the  Netherlands  East 
Indies,  the  Malay  States,  and  the  Philippines. 

In  preceding  reports  ^  from  this  laboratory  methods  were  given 
for  analyzing  and  refining  Manila  copal,  which  was  found  to 
consist  mostly  of  resin  acids  together  with  some  terpenes, 
resenes,  and  material  insoluble  in  alcohol.  The  insoluble  matter 
is  usually  composed  of  gelatinous  material  together  with  foreign 
impurities.  Oxidation  of  the  copal  apparently  precedes  the 
formation  of  the  gel. 

Soft  Manila  copal  dissolves  readily  in  alcohol,  with  the  excep- 
tion of  the  foreign  matter  and  gelatinous  material  that  may  be 
contained  in  it.  It  is  not  soluble  in  drying  oils,  such  as  linseed 
oil.  In  order  to  make  oil  varnishes  with  this  resin  it  is  custom- 
ary to  heat  it  until  the  water,  terpenes,  and  volatile  decomposi- 
tion products  have  been  removed.  This  heating  process  is 
known  in  the  varnish  industry  as  running. 

'Tanchico,  S.  S.,  and  A.  P.  West,  Philip.  Journ.  Sci.  73  (1940)  259,  285; 
Manalo,  G.  D.,  and  A.  P.  West,  Philip.  Journ.  Sci.  74  (1941)  157. 
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Several  investigations  ^  have  indicated  that  some  of  the  acids 
in  Manila  copal  are  dibasic.  When  the  resin  is  run  (heated) 
at  a  temperature  of  about  300"^  to  310°C.  to  remove  volatile  con- 
stituents, the  dibasic  acids  are  converted  to  monobasic,  thus  re- 
ducing the  acidity  of  the  copal. 

Samples  of  run  Manila  copal  w^ere  recently  prepared  in  this 
laboratory  and  a  method  ^  was  devised  for  analyzing  them.  The 
composition  of  the  copal  was  then  determined  before  and  after 
running.  The  results  showed  that  the  acidity  of  the  natural 
copal  was  considerably  reduced  by  running,  but  the  run  copal 
still  had  an  acid  number  varying  from  67  to  109,  depending  on 
the  sample. 

Due  to  the  acidity  of  the  copal,  varnishes  made  with  run  copal 
tend  to  liver  or  solidify  when  mixed  with  basic  pigments,  like 
zinc  oxide,  to  make  enamels. 

According  to  Barry  ^  the  Congo  copals,  after  running,  may  be 
esterified  on  a  commercial  scale  by  neutralizing  the  resin  acids 
with  glycerol.  The  resulting  ester  is  soluble  in  linseed  and  other 
vegetable  oils.  Varnishes  made  from  the  ester  have  the  advant- 
age of  a  low  acid  number  and  resistance  to  alkalies.  Moreover, 
the  varnish  films  have  a  hardness  and  durability  of  superior 
quality.  It  has  been  reported  ^  that  Manila  copal  may  also  be 
esterified,  but  in  the  literature  we  found  no  details  of  this 
process. 

Recently  we  investigated  the  interaction  of  glycerol  and  Ma- 
nila copal.  We  obtained  a  product  that  had  not  only  a  low  acid 
number  but  also  a  low  ester  number.  It  probably  consisted 
mostly  of  polymerized  bodies.  However,  it  proved  to  be  excel- 
lent for  making  durable  high-grade  varnishes  and  enamels. 
Our  experiments  along  this  line  have  therefore  consisted  prin- 
cipally in  determining  a  suitable  procedure  for  reducing  the 
acidity  of  Manila  copal  with  glycerol. 

EXPERIMENTAL  PROCEDURE 

The  Manila  copal  used  in  this  investigation  was  collected  by 
forest  rangers  and  kindly  presented  to  us  by  Director  Tamesis 
of  the  Philippine  Bureau  of  Forestry. 

« Wolff,  H.     Farbenztg.  29   (1924)   2039. 

Horrmann,  P.,  and  N.  Kroll.    Arch.  Pharm.  265   (1927)  214. 

Ruzicka,  L.,  and  J.  R.  Hosking.     Ann.  469   (1929)  147. 
'Intengan,  C.  L.,  and  A.  P.  West.     Philip.  Journ.  Sci.  75  (1941)  83-95. 
*  Ind.  Chem.  and  Chem.  Manuft.  (1938)  319. 
« Ellis,  C.    The  Chemistry  of  Synthetic  Resins  1   (1935)  807,  817. 
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A  number  of  preliminary  experiments  were  carried  out  to 
ascertain  the  most  appropriate  conditions  for  reducing  the  acid- 
ity of  Manila  copal.  First,  the  copal  was  run  (heated)  at  a 
temperature  of  315°  to  325°C.  This  process  is  carried  out  by 
gradually  melting  the  copal  and  continuing  to  heat  it  until  gases 
are  no  longer  evolved  and  the  mass  subsides  and  boils  gently. 
The  time  required  to  reach  this  stage  is  about  1.5  hours,  although 
it  varies  with  the  quantity  and  the  sample  of  copal  used.  After 
this  condition  is  reached,  heating  is  continued  for  about  1.5 
hours  longer.  By  heating  the  copal  somewhat  above  310''C. 
the  time  required  to  complete  the  running  is  reduced.  In  this 
running  process  the  temperature  is  measured  by  a  thermometer 
inserted  into  the  molten  copal. 

The  acid  number  was  determined  both  before  and  after  run- 
ning, by  treating  approximately  1  gram  of  the  powdered  copal 
with  50  cubic  centimeters  of  a  mixture  consisting  of  neutral 
absolute  alcohol  and  benzene  (25  cubic  centimeters  each)  and 
titrating  directly  With  seminormal  alcoholic  potassium  hydro- 
xide in  the  presence  of  phenolphthalein. 

Data  on  the  run  copal  are  given  in  Table  1. 

Table  1. — Results  of  running  (heating)  Manila  copal  (decrease  in  weight 

and  acid  number). 


Sample. 

Weight. 

Acid  number. 

Before 
running. 

After 
running. 

Decrease. 

Before 
running. 

After 
running. 

Decrease. 

41 

g- 

150 
200 
100 
150 
200 
150 
100 

9- 
120 
150 

85 
128 
150 
120 

85 

Per  cent. 
20 
25 
15 
15 
25 
20 
15 

133.92 
130.99 
131.60 
107.14 
131.69 
134.97 
106.21 

81.37 
79.16 
87.33 
79.49 
76.79 
88.57 
71.96 

52.55 
51.83 
44.27 
27.65 
54.90 
46.40 
34.25 

42 

43 

44 

45 

46 

47      

Note. — The  copal  was  run   (heated)  at  a  temperature  of  315°  to  325°C.  for  8  hours. 

The  loss  in  weight  resulting  from  the  running  process  varied 
with  the  different  samples  from  15  to  25  per  cent.  A  decrease 
in  the  acid  number  varying  from  27.65  to  54.90  was  also  noted. 

Experiments  to  reduce  the  acidity  of  the  run  copal  were  car- 
ried out,  with  the  use  of  glycerol  as  the  neutralizing  agent. 
This  reaction  was  facilitated  by  the  presence  of  a  catalyst.  Va- 
rious catalysts  were  used  in  preliminary  trials.  Zinc  dust  gave 
the  best  results. 
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In  Table  2  are  given  some  results  on  the  interaction  of  run 
copal  and  glycerol.  Zinc  dust  was  used  as  catalyst.  The  sam- 
ples used  and  the  experimental  conditions  for  running  the  copal 
were  the  same  as  those  reported  in  Table  1.  Accordingly  the 
acid  numbers  of  the  run  copal  (Table  2)  were  not  actually  de- 
termined, as  they  were  assumed  to  be  the  same  as  those  recorded 
in  Table  1. 

Immediately  after  running  the  copal,  glycerol  and  zinc  dust 
were  added  and  the  heating  continued  for  3  hours  more  at  a 
temperature  of  290°  to  295 °C.  The  glycerol  was  10  per  cent 
and  the  zinc  dust  0.5  per  cent  of  the  weight  of  run  copal.  After 
these  experiments  the  acid  number  was  ascertained  by  dissolving 
about  a  gram  of  the  reaction  product  in  50  cubic  centimeters  of 
neutral  benzene  and  titrating  the  solution  with  one-tenth  normal 
alcoholic  potassium  hydroxide.  The  dilute  alkali  solution  was 
selected,  because  the  reaction  product  of  glycerol  and  run  copal 
has  a  comparatively  low  acid  number. 

Table  2. — Reducing  the  acidity  of  run  Manila  copal  with  glycerol  and  zinc 

dust  catalyst. 


Sample. 


41— A. 
42— A. 
43— A. 
44— A- 
45— A. 
46— A. 
47— A. 


Ingredients. 


Run 
copal. 


120 
150 
85 
128 
150 
120 
170 


Glycerol. 


12.0 
15.0 
8.5 
12.8 
15.0 
12.0 
17.0 


Zinc 
dust. 


0.60 
0.75 
0.42 
0.64 
0.75 
0.60 
0.85 


Acid  number. 


Run 
copal. 


81.37 
79.16 
87.33 
79.49 
76.79 
88.57 
71.96 


After 
reaction 

with 
glycerol. 


16.31 
15.42 
18.44 
13.60 
13.68 
24.92 
10.13 


Note. — The  copal  was  first  run  at  a  temperature  of  815°  to  325°0.  for  3  hours  and 
then  immediately  treated  with  10  per  cent  glycerol  and  0.5  per  cent  zinc  dust  catalyst  and 
heated  at  290°  to  295 °C.  for  3  hours.  The  samples  (41 — A  to  47 — A)  used  for  these 
experiments  were  portions  of  those    (41   to  47)    recorded  in  Table  1. 

The  acid  number  of  the  run  copal  was  greatly  reduced  after 
treating  with  glycerol  and  the  catalyst.  In  sample  47 — A  the 
acid  value  was  reduced  from  71.96  to  only  10.13.  According  to 
Ellis  ^  a  copal  (ester)  that  has  an  acid  number  less  than  20  gives 
satisfactory  varnish  films  that  show  good  resistance  to  alkalies 
and  are  reasonably  compatible  with  basic  pigments. 

To  ascertain  if  a  smaller  amount  of  glycerol  could  be  used 
for  reducing  the  acidity  of  run  copal,  experiments  were  made 
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with  varying  proportions  of  glycerol.  The  sample  of  run  copal 
employed  for  these  tests  was  47 — A  (Table  2)  which  had  an  acid 
number  of  71.96.  Calculated  on  this  figure  100  grams  of  the 
run  copal  would  require  only  3.93  grams  of  glycerol  to  neutralize 
the  free  resin  acids. 

The  results,  recorded  in  Table  3,  show  that  the  lowest  acid 
number  (10.13)  was  obtained  when  the  amount  of  glycerol  was 
10  per  cent  and  the  zinc  dust  0.5  per  cent  of  the  weight  of  run 
copal. 

Table  3. — Reducing  the  acidity  of  run  Manila  copal  with  different  propor- 
tions of  glycerol. 

Glycerol.  Acid  number  of 

Grams.  reaction  product. 

3.93  40.38 

4.32  29.65 

4.71  27.50 

5.11  25.14 

5.50  23.25 

5.89  20.69 

6.68  16.14 

7.07  16.26 

8.05  11.03 

10.00  10.13 

Notes. — For  every  100  grams  of  run  copal  used  the  amount  of  zinc  dust 
was  0.5  gram  and  the  weights  of  glycerol  were  those  recorded  in  the  present 
table. 

Temperature  for  running  copal,  315'  to  325**  C. 

Duration  of  running,  about  3  hours. 

Acid  number  of  run  copal,  71.96. 

Temperature  for  glycerol  reaction,  290*  to  295**  C. 

Duration  of  glycerol  reaction,  about  3  hours. 

Additional  experiments  were  carried  out  to  ascertain  the  most 
suitable  conditions  for  reducing  the  acidity  of  run  Manila  copal 
to  a  very  low  figure.  Both  the  time  of  running  and  the  dura- 
tion of  the  interaction  of  run  copal  and  glycerol  were  varied. 
The  data  are  recorded  in  Table  4.  In  these  experiments  the 
amount  of  zinc  dust  used  was  0.5  per  cent  and  the  glycerol  10 
per  cent  of  the  weight  of  the  run  copal,  except  in  the  reaction 
with  sample  67,  when  it  was  13.33  per  cent. 

For  samples  47 — A,  61  to  64,  and  67  to  69  inclusive,  the  tem- 
perature of  running  was  315°  to  325°  C,  and  for  the  glycerol 
reaction,  290°  to  295°  C. 

For  samples  65  and  66  the  temperature  for  running  was  310° 
to  315°  C,  and  for  the  glycerol  reaction,  250°  to  260°  C. 

Samples  47 — A  and  61  to  69  lost  15  per  cent  of  their  weight 
on  running. 
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Table  4. — Reducing  the  acidity  of  run  Manila  copal  by  varying  both  the 
duration  of  running  and  the  reaction  with  glycerol. 


Sample. 

Time. 

Ingredients. 

Acid 
number 

of 
reaction 
product. 

Running. 

Glycerol 
reaction. 

Run 
copal. 

Glycerol. 

Zinc 
dust. 

61 

Brs. 
3.5 
3.5 
3.0 
3.0 
4.5 
4.5 
3.0 
3.5 
3.0 

Hrs. 
3.0 
3.0 
3.0 
3.0 
2.0 
2.0 
1.5 
1.0 
5.0 

g- 

510 
900 
170 
170 
50 
50 
128 
120 
120 

9- 
51 
90 
17 
17 
5 
5 
17 
12 
12 

9- 
2.50 
4.50 
0.85 
0.85 
0.25 
0.25 
0.60 
0.60 
0.60 

5.08 
7.21 

10.13 
7.44 
7.86 
6.88 
4.99 
6.13 
8.69 

12.02 

62    _ 

47-A 

64 

65 

66 

67 

68 

69 

70 

NOTESS. — For  samples  47 — A,  61  to  64,  and  67  to  69  the  temperature  of  running  was 
315*'  to  825*  C. ;  and  for  the  glycerol  reaction,  290**  to  295*»  C. 

For  samples  65  and  66  the  temperature  for  running  was  310®  to  315*  C. ;  and  for  the 
glycerol  reaction,  250"   to  260"   C. 

Carbon  dioxide  was  passed  through  sample  64  during  both 
the  running  and  the  glycerol  reaction;  and  through  sample  66 
during  the  glycerol  reaction  only.  The  use  of  carbon  dioxide 
was  expected  to  give  a  reaction  product  light  in  color.  However, 
the  results  were  about  the  same  as  in  the  other  experiments,  ex- 
cept that  a  slightly  lower  acid  number  was  obtained. 

Samples  47 — ^A,  61  to  64,  and  67  and  68  were  from  Tayabas 
Province;  samples  65,  66,  and  69  came  from  Palawan;  sample 
70  was  an  imported  ester  gtim. 

The  data  for  sample  47 — ^A  are  also  given  in  Tables  2  and  3. 

A  review  of  the  results  we  have  obtained  (Tables  2,  3,  and 
4)  appears  to  give  the  following  general  conclusions. 

In  running  the  copal,  before  reacting  with  glycerol,  the  results 
are  about  the  same,  whether  the  temperature  is  315°  to  325''  C. 
for  about  3  hours,  or  310°  to  315°  C.  for  about  4.5  hours.  How- 
ever, it  is  very  important  to  run  the  resin  thoroughly  so  as  to 
remove  all  volatile  products. 

During  the  interaction  of  run  copal  and  glycerol  the  temper- 
ature may  be  varied  from  260°  to  290°  C.  for  about  2  hours. 

Suitable  proportions  for  the  reacting  constituents  are  ap- 
proximately as  follows : 

Run  copal  100.0  parts 

Glycerol  10.0  parts 

Zinc  dust  0.5  part 

These  observations  are  based  upon  copals  we  investigated. 
Since  different  samples  vary  considerably  in  composition,  the 
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formulation  of  general  rules  is  dubious.  For  instance,  we  found 
that  the  time  required  to  complete  the  reaction  of  run  copal  with 
glycerol  varies  from  about  1  to  3  hours,  depending  on  the  sample. 

The  glycerol-copal  reaction  product  we  obtained  was  dark 
brown,  very  brittle,  and  transparent.  It  was  soluble  in  benzene, 
turpentine,  and  oils ;  insoluble  in  alcohol,  ether,  chloroform,  and 
alcohol-benzene  mixture. 

Oil  varnishes  were  made  from  run  copal  and  also  from  the 
glycerol-copal  reaction  product,  the  same  formula  and  proce- 
dure being  used  for  both  preparations.  The  glycerol-copal  var- 
nish was  superior  to  the  varnish  made  from  run  copal  in  that 
it  gave  a  harder,  more  brilliant  and  elastic  film.  It  was  also 
more  resistant  to  alkalies  and  could  be  mixed  with  basic  pig- 
ments, like  zinc  oxide,  without  livering  or  solidifying. 

In  reacting  the  copal  with  glycerol  in  the  presence  of  a  cata- 
lyst we  obtained  a  substance  with  a  low  ester  number ;  the  one 
from  sample  47 — ^A  (Table  2)  had  the  constants  given  below: 

Glycerol-copal  reaction  product: 

Saponification  No.  26.11 

Acid  No.  10.13 

Ester  No.  15.98 

These  data  indicate  that  the  glycerol-copal  reaction  product 
contains  only  a  small  amount  of  ester.  To  find  out  more  about 
this  product  we  followed  a  procedure  somewhat  similar  to  the 
method  '^  employed  for  analyzing  run  copal. 

Another  sample  of  the  glycerol-copal  reaction  product  (71 — ^B) 
was  prepared  as  indicated  below : 

Manila  copal   (71) 
Acid  No.  106.02 


Heat  at  310°-815"  C. 
for  4.5  hours. 


Run  copal   (71 — A) 
Acid  No.  84.27 


Add  10  per  cent  glycerol  and 
0.5  per  cent  zinc  dust. 
Heat  at  285°~290'  C.  for 
3  hours. 

Glycerol-copal 
reaction  product  (71 — ^B) 
Sap.   No.     25.56 
Acid  No.       7.83 
Ester  No.    18.73 


'Intengan  C.  L.,  and  A.  P.  West.    Philip.  Journ.  Sci.  75  (1941)  83-95. 
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A  portion  of  the  copal  (sample  71)  was  heated  at  a  temper- 
ature of  310°  to  315°  C.  for  4.5  hours  and  converted  into  run 
copal  and  the  acid  number  of  the  run  copal  determined.  An- 
other portion  of  sample  71  was  run  as  in  the  previous  exper- 
iment, and  immediately  after  running  there  were  added  gly- 
cerol and  zinc  dust  and  the  heating  continued  at  285°  to  290° 
C.  for  3  hours.  The  quantity  of  glycerol  was  10  per  cent  and 
the  zinc  dust  0.5  per  cent  of  the  weight  of  run  copal. 

The  constants  for  the  reaction  product  71 — B  were  similar 
to  those  obtained  for  the  glycerol-copal  reaction  product  made 
from  sample  47 — ^A. 

Analysis  of  glycerol-copal  reaction  product. — This  substance 
was  separated  into  its  constituents  in  accordance  with  the  out- 
line in  fig.  1. 

Glycerol-copal 

reaction-product  (71 — B) 


Acid  No.  7.83 


Dissolve  in  benzene. 

Saponify  with  KOH  for  3  hours. 

Distill  excess  benzene. 

Add  hot  water.     Filter. 


i 

Residue 
Soft  elastic 
substance 


Solution 
K-salts  of  resin  acids,  etc. 


Wash  out  alkali. 

Steam  distill  to 
remove  volatile 
part.     Drain  and 
dry2^t40°to50°C. 

Brittle  Material  (71— -C) 
Acid  No.  2.65 
Contains  most  of 
glycerol-copal 
reaction  product 


Steam  distill  to  remove 
volatile  constituents. 


Residual  solution 
K-salts  of  resin  acids 


Extract  with  petroleum 
ether. 


Distillate 
Very  small  amount 
of  volatile  constituents 


i 

Solution 


Steam  distill  to 
remove  petroleum 
ether.     Acidify 
with  HCl.     Filter. 


Precipitate 


Wash  free  of  chlo- 
rides. Drain  and 
dry  at  30*  to  40°  C. 


Petroleum  ether 

extract 
Only  traces  in 

extract 


Resin  acids 

Yield  1.52  per  cent 


Fig.  1.  Analysis   of  glycerol-copal   reaction  product. 
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Fifty  grams  of  the  powdered  glycerol-copal  reaction  product 
(71 — B)  were  dissolved  in  benzene,  treated  with  an  excess  of 
alcoholic  potassium  hydroxide,  and  heated  (reflux)  for  3  hours. 
The  excess  benzene  was  removed  by  distilling,  and  hot  water 
was  added  to  the  residue  to  dissolve  the  potassium  salts  of  resin 
acids.  A  comparatively  large  amount  of  a  soft,  elastic  sub- 
stance with  a  characteristic  odor  separated  out.  This  sub- 
stance was  filtered  out  and  washed  to  remove  alkali,  and  steam 
distilled  to  eliminate  any  volatile  constituents  and  again  washed 
with  water.  Finally  it  was  drained  and  dried  at  40°  to  50°  C. 
During  this  drying  process  the  soft  substance  was  gradually 
converted  into  a  brittle  material.  Most  of  the  glycerol-copal 
reaction  product  was  converted  into  this  brittle  material  which 
was  soluble  in  benzene  and  benzene-alcohol  mixture,  slightly 
soluble  in  ether,  and  insoluble  in  ethyl  and  methyl  alcohols,  pe- 
troleum ether,  and  acetone.     It  gave  the  following  constants : 

Constants  of  the  brittle  material,  71 — C : 

Saponification  No.  16.91 

Acid  No.  2.65 

Ester  No.  14.26 

These  constants  are  somewhat  similar  to  those  obtained  for  the 
brittle,  glycerol-copal  reaction  product,  71 — B. 

The  filtrate  from  the  residue  (soft  elastic  substance)  was  sup- 
posed to  contain  the  potassium  salts  of  resin  acids.  It  was 
steam  distilled  to  remove  volatile  constituents.  The  ether  ex- 
tract of  the  distillate  showed  that  only  traces  of  such  products 
distilled  over.  The  residual  solution  was  extracted  with  petro- 
leum ether.  Only  traces  of  material  were  extracted.  After 
extraction  the  solution  was  steam  distilled  to  remove  petroleum 
ether,  and  acidified  with  hydrochloric  acid.  The  precipitate, 
consisting  of  resin  acids  (text  fig.  1),  was  filtered  and  washed 
free  of  chlorides,  drained,  and  dried  at  30"*  to  40*^  C.  The  resin 
acids  were  brittle,  dark,  and  transparent,  unlike  the  amorphous 
resin  acids  obtained  from  run  copal. 

Only  a  small  amount  of  these  resin  acids  was  obtained  (yield 
1.52  per  cent).  This  result  indicated  that  the  brittle  glycerol- 
copal  reaction  product  (71 — B)  contained  very  little  glycerol- 
copal  ester.  It  probably  consisted  mostly  of  polymerized  bodies 
(resinous  esters)  somewhat  similar  to  the  alkyd  resins.® 

^EHis,  C,  The  Chemistry  of  Synthetic  Resins  2   (1935)   862. 
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SUMMARY 

To  make  oil  varnishes  with  Manila  copal  it  is  customary  to 
heat  it  until  the  volatile  matter  has  been  removed.  This  heating 
process  is  known  in  the  varnish  industry  as  running. 

Although  the  acidity  of  Manila  copal  is  considerably  reduced 
by  running,  the  run  copal  still  has  a  rather  high  acid  number 
(more  than  65  in  our  experiments). 

Due  to  the  acidity  of  the  copal,  varnishes  made  with  run  co- 
pal tend  to  liver  or  solidify  when  mixed  with  basic  pigments, 
like  zinc  oxide,  to  make  enamels. 

In  order  to  reduce  the  acidity  of  run  copal  this  product  was 
heated  with  glycerol  in  the  presence  of  zinc  dust  as  catalyst. 
As  a  result  of  this  reaction  the  acid  number  of  the  run  copal 
was  greatly  reduced.  Usually  the  reaction  product  had  an  acid 
number  less  than  20. 

The  most  suitable  conditions  for  reducing  the  acidity  of  run 
copal  were  obtained  when  the  amount  of  glycerol  was  10  per 
cent  and  the  zinc  dust  was  0.5  per  cent  of  the  weight  of  run 
copal.  For  running  the  copal  a  temperature  of  about  315^  C. 
for  3.5  hours,  and  for  the  glycerol-copal  reaction  a  temperature 
of  about  260°  to  290°  C.  for  2  hours,  were  satisfactory.  How- 
ever, since  different  samples  of  copal  vary  considerably  in  com- 
position the  formulation  of  any  general  rules  is  dubious. 

The  glycerol-copal  reaction  product  was  dark  brown,  very 
brittle,  and  transparent.  It  was  soluble  in  benzene,  turpentine, 
and  oils;  insoluble  in  alcohol,  ether,  chloroform,  and  alcohol- 
benzene  mixture.  When  analyzed  it  was  found  to  consist  almost 
entirely  of  brittle  material  which  was  probably  polymerized 
bodies.  It  gave  low  acid  and  ester  numbers  and  contained  only 
a  small  amount  of  copal  ester  and  mere  traces  of  other  consti- 
tuents normally  present  in  run  copal. 

Oil  varnishes  were  made  from  run  copal  and  also  from  the 
glycerol-copal  reaction  product,  the  same  formula  and  proce- 
dure being  used  for  both  preparations.  The  glycerol-copal  var- 
nish was  superior  to  the  varnish  made  from  run  copal  in  that 
it  gave  a  harder,  more  brilliant,  and  elastic  film.  It  was  also 
more  resistant  to  alkalies  and  could  be  mixed  with  basic  pig- 
ments, like  zinc  oxide,  without  livering  or  solidifying. 


ILLUSTRATION 

TEXT  FIGURE 

Fig.  1.  Analysis   of  glycerol-copal   reaction  product. 
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CALLUS  DEVELOPMENT  IN  GRAFT  UNION  ^ 

By  Jose  B.  Juliano  ^ 

Of    the   Natural   History   Museum   Division 

Department  of  Agriculture  and  Comm^erce,  Manila 

FOUR  PLATES 

For  a  long  time  much  of  the  importance  in  the  regeneration 
of  callus  tissue  during  graft  union  has  been  ascribed  solely  to 
the  activity  of  the  cambium.  In  fact,  even  the  most  modern  of 
our  textbooks  (2)  has  overemphasized  the  role  of  the  cambium 
in  graft  union.  Recently,  Sharpies  and  Gunnery(8)  illustrated 
beyond  reasonable  doubt  that  in  graft  union  in  Hevea  brasiUen- 
sis  and  Hibiscus  rosa-sinensis  the  formation  of  a  callus  tissue 
between  the  two  symbionts,  a  very  important  and  necessary  ad- 
junct to  the  actual  union  of  the  termini  of  the  two  cambia,  was 
not  of  cambial  origin.  In  the  present  investigation  additional 
evidence  is  given  to  further  support  the  findings  of  these  two 
authors. 

This  paper  deals  primarily  with  the  origin  and  development 
of  the  callus  tissue  in  cleft  grafting  of  Nothopanax  species. 
These  species  are  very  commonly  cultivated  around  houses  as 
hedge  plants,  and  the  ease  with  which  they  lend  themselves  to 
grafting  is  not  unknown  to  many  of  our  local  horticulturists. 
Having  a  rather  soft  bark  and  not  easily  forming  a  large  amount 
of  woody  tissue,  they  prove  to  be  very  favorable  for  such  study. 
Besides,  grafts  from  these  plants  can  easily  be  obtained  in  the 
laboratory  by  the  usual  horticultural  methods. 

MATERIALS  AND  METHODS 

Rooted  cuttings  of  Nothopanax  crispatum  (Bull.)  Merr.  were 
obtained  from  the  propagating  beds  of  the  Department  of  Agro- 
nomy of  the  College  of  Agriculture,  University  of  the  Philip- 
pines, Agricultural  College,  Laguna  Province,  February  10,  1939, 

^  This  investigation  was  done  in  the  College  of  Agriculture,  University 
of  the  Philippines,  where  facilities  were  at  the  disposal  of  the  writer. 

^  Formerly  Assistant  Professor  of  Agricultural  Botany,  College  of  Agri- 
culture, University  of  the  Philippines,  Agricultural  College,  Laguna. 
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and  planted  in  tin  cans  filled  with  fresh  garden  soil.  They  were 
then  allowed  to  grow  in  the  cans  until  they  had  reached  a  height 
of  about  two  feet.  June  4,  1939,  the  writer  requested  Mr.  Ga- 
vino  Rotor  Jr.,^  then  graduate  assistant  in  the  Division  of  Hor- 
ticulture, Department  of  Agronomy,  to  graft  on  the  growing 
plants  scions  of  Nothopanax  cochleatum  Merr.,  locally  known 
as  platitos.  The  method  employed  in  effecting  the  union  was 
the  one  ordinarily  practised  in  horticulture. 

Materials  for  histological  study  were  collected  15  hours  after 
grafting  and  every  day  thereafter  for  30  days,  and  on  the  33d, 
36th,  and  54th  day.  Slabs  from  both  the  stock  and  scion  were 
fixed  and  killed  in  formo-aceto-alcohol  (70  per  cent),  prepared 
according  to  the  formula  given  by  Chamberlain,  (l)  They  were 
then  dehydrated  and  cleared  with  the  use  of  butyl  alcohol (9) 
and  embedded  in  paraffin.  Sections  of  20  to  25  micra  were  cut 
and  stained  either  in  safranin-Delafield's  haematoxylin  or  sa- 
franin  with  light  green  or  aniline  blue.^ 

INVESTIGATION 

Microscopical  examination  of  the  stems  used  in  this  study  re- 
veals that  they  possess  a  rather  thick  bark  consisting  of  a  sin- 
gle epidermal  layer  on  the  periphery,  made  up  of  parenchyma 
(Plate  1,  fig.  1;  Plate  2,  fig.  7)  with  their  outer  tangential  walls 
covered  by  a  thick  cuticle,  the  continuity  of  which  is  broken 
by  the  presence  of  young  lenticels,  where  a  distinct  meristem  is 
discernible.  Below  this  epidermis  is  the  cortex.  On  the  outer 
portion  of  this  cortex  is  a  coUenchymatous  tissue,  consisting  of 
from  four  to  six  layers.  The  rest  of  the  cortex  is  composed  of 
oblong  to  rounded  parenchyma,  smaller  at  the  periphery,  be- 
coming larger  inward,  the  outer  ones  of  which  may  possess 
chloroplastids  (Plate  1,  fig.  1).  These  cortical  cells  usually  pos- 
sess thick  or  thin  cytoplasm. 

The  phloem  region  consists  of  groups  of  small,  isodiametrie 
cells  separated  by  the  broad  rays  from  two  to  five  layers  thick. 
The  cambium  is  only  conspicuous  where  the  phloem  groups  are 
present,  whereas  in  the  rays  the  cambial  cells  seem  to  wane 
away. 

^  Now  graduate  assistant  in  Agricultural  Botany. 

*  Credit  is  due  Mr.  Potenciano  C.  Reaiio,  formerly  laboratory  helper 
under  the  direct  supervision  of  the  writer,  for  cutting  and  staining  the 
materials  used  in  this  study. 
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The  wood  portion  (Plate  2,  fig.  7)  is  not  extensively  developed, 
although  secondary  thickening  has  already  set  in.  Traversing 
the  wood  are  ray  cells  in  rows  from  one  to  three  cells  wide. 

The  pith  occupies  the  major  portion  of  the  stem,  and  is  pro- 
portionately larger  than  the  bark  and  the  wood  together.  It 
consists  of  rounded  to  oblong  parenchyma  in  transverse  sec- 
tion, which  were  smaller  around  the  periphery,  becoming  larger 
towards  the  center.  In  these  cells  starch  grains  are  usually 
found  in  abundance. 

In  the  preparation  of  the  scion  and  the  stock  in  grafting,  care 
was  taken  to  make  the  wounds  as  smooth  as  possible.  Microsco- 
pically, however,  the  exposed  tissue  of  neither  the  stock  or  scion 
were  smooth  (Plate  1,  fig.  1)  when  examined  15  hours  after 
grafting.  This  irregularity  may  be  due  either  to  the  dullness 
of  the  knife  or  to  the  shrinkage  of  the  parenchyma  thus  killed 
during  the  operation,  and  the  slightest  shock  was  perhaps  suf- 
ficient to  kill  even  some  of  the  cells  directly  below  the  cut  cells. 
The  latter  was  more  logical  cause  for  this  irregularity  on  the 
exposed  surfaces  of  both  symbionts  as  utmost  care  was  exer- 
cised in  the  cutting. 

The  injured  cells  and  some  of  those  lying  beneath  them  lost 
their  moisture  and  greatly  shrunk,  even  if  the  wounded  areas 
were  covered  with  budding  tape,  and  their  walls  became  ad- 
pressed  against  the  living  hypodermal  cells.  These  then  formed 
a  dead  tissue  of  some  physiological  importance  to  the  stem.  This 
death  and  shrinkage  of  parenchymatous  cells  was  mostly  notice- 
able in  the  cortex,  phloem,  cambial  region,  and  pith  (Plate  1,  fig. 
3) ;  that  is,  wherever  parenchyma  were  present.  Cells  lying  be- 
low those  that  were  killed  and  died  remained  turgid  and  retained 
their  original  shapes.  This  phenomenon  was  more  marked  in 
the  scion  than  in  the  stock. 

By  the  first  day  after  grafting  definite  activity  of  the  pa- 
renchymatous cells  near  the  cut  surface  was  manifest  (Plate  1, 
fig.  5;  Plate  3,  fig.  13)  first  in  the  cortex,  and  then  in  the  pith 
(Plate  3,  fig.  12).  By  the  6th  day  a  definite  meristematic  strip 
responsible  for  the  regeneration  of  callus  cells  had  already 
formed  in  the  bark  (Plate  1,  figs.  2  and  4).  In  other  words, 
definite  meristematic  activity  of  parenchymatous  elements  was 
first  exhibited  in  the  bark  and  then  in  the  pith  in  both  symbionts. 

In  the  bark  meristematic  activity  and  consequently  the  forma- 
tion of  callus  tissue  was  due  to  the  parenchyma  below  the  cut 
(Plate  1,  figs.  2  and  4 ;  Plate  4,  figs.  18  and  19) ,    During  this  ac- 
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tive  callus  development  in  the  bark  there  was  no  instance  where 
the  writer  noticed  activity  of  the  cambial  cells  (Plate  1,  fig.  4). 
If  there  was  any,  It  may  be  considered  negligible  (Plate  1,  fig. 
2).  Parenchyma  from  the  cortex  as  well  as  the  phloem  ray 
cells  were  a  frequent  source  of  callus  tissue  in  the  bark. 

In  the  pith  callus  was  mostly  derived  from  its  parenchyma 
(Plate  3,  figs.  9  to  11).  Callus  formation  in  the  pith  seemed  to 
be  about  equal  for  both  symbionts.  Where  a  woody  portion  of 
the  scion  was  exposed  in  grafting,  callus  tissue  formation  was 
relegated  to  the  ray  cells  (Plate  3,  fig.  9)  if  present  at  all;  other- 
wise no  definite  callus  was  derived  from  it  (Plate  3,  figs.  10  and 
11).  On  the  other  hand,  if  the  woody  portion  of  the  stock  was 
exposed,  callus  was  derived  mostly  from  the  scion  (Plate  3,  fig. 
9).  If  pith  from  both  symbionts  happened  to  touch,  there  was 
evidently  an  equal  rate  of  callus  development  from  both,  al- 
though initiation  of  callus  activity  may  have  begun  with  the 
stock.  In  the  pith  initial  callus  development  was  first  confined 
near  the  woody  portion,  and  progressively  became  active  inward. 
As  has  been  stated  above,  callus  formation  was  much  belated  in 
the  pith,  so  that,  while  the  gap  existing  between  the  barks  of 
the  two  symbionts  had  already  been  filled  up  with  callus  cu- 
shions, that  in  the  pith  still  remained  unfilled  with  callus  tissue. 
Extra  callus  cells  derived  from  the  bark  were  usually  thrown  in- 
ward to  the  interior  gap,  and  progressively  infiltrated  whatever 
space  remained  to  be  filled  up  in  the  interior  of  the  graft  (Plate 
3,  figs.  9  and  10;  Plate  4,  fig.  16). 

The  last  gap  to  be  infiltrated  with  callus  tissue  was  in  the 
vicinity  of  the  woods  of  the  two  symbionts  (Plate  4,  figs.  18  and 
19),  and  before,  but  not  after  the  thirteenth  day,  from  grafting 
the  two  symbionts  became  connected  throughout  with  callus 
cushion  (Plate  4,  fig.  14).  As  soon  as  the  callus  tissue  between 
the  woody  portions  of  the  symbionts  had  been  satisfactorily 
established,  some  of  the  callus  cells  were  transformed  into  con- 
ducting elements  (Plate  4,  fig.  15)  with  reticulate  thickenings, 
and  they  may  have  been  rectangular  with  their  long  axes  parallel 
to  the  cut.  These  would  then  establish  in  the  callus  cushion  a 
new  woody  portion  which  would  ultimately  connect  the  woods 
of  the  two  symbionts. 

In  case  the  scion  happened  to  be  smaller  than  the  stock,  so 
that  the  bark  of  both  sjnmbionts  only  coincided  at  one  side,  leav- 
ing the  opposite  side  to  lie  enclosed  by  the  stock,  the  scion  ex- 
hibited a  quite  interesting  behavior.     Initiation  of  callus  was 
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first  noticed  around  the  phloem  region,  and  this  activity  pro- 
gressed outward  clear  to  the  periphery  of  the  cortex,  not  ex- 
cluding the  collenchyma  layer,  and  simultaneously  a  distinct 
phellogen  developed  below  the  epidermis  (Plate  3,  fig.  8).  This 
combined  activity  of  the  meristem  in  the  cortex  and  that  of  the 
phellogen  greatly  increased  the  breadth  of  the  bark  of  the  scion 
in  this  region  of  the  graft.  Concomitant  with  this  activity  of 
the  bark  of  the  scion  the  stock  became  very  active  in  forming 
callus  tissue  which  would  ultimately  enclose  the  scion  (Plate  2, 
fig.  6). 

In  longisection  of  the  symbionts  callus  formation  was  found 
to  be  derived  only  from  the  stock  if  and  when  the  wood  of  the 
scion  was  exposed  (Plate  4,  fig.  16),  and  vice  versa.  The  rest 
of  the  gap  became  infiltrated  by  callus  cells  derived  from  the 
bark.  At  the  region  of  the  split  in  the  stock  where  the  scion  was 
not  present  (Plate  4,  fig.  17),  regular  wound  healing  occurred. 

Fifty-four  days  after  grafting,  when  callus  tissue  had  been 
fully  formed  between  the  symbionts,  the  scion  was  growing  vi- 
gorously on  the  stock  and  had  formed  from  4  to  10  new  leaves. 
Internally,  however,  there  was  an  absence  of  cambial  cells  in 
the  callus  cushion  (Plate  2,  fig.  6)  which  would  join  the  termini 
of  the  cambia  of  the  symbionts.  It  is  not  within  the  scope  of 
this  paper  to  further  trace  the  development  of  callus  cells  into 
cambial  cells  ultimately  joining  the  cambia  of  the  symbionts,  but 
it  could  be  surmised  that  such  development  would  have  taken 
place  if  the  experiment  had  been  extended  further.  In  this  con- 
nection Sharpies  and  Gunnery(8)  stated  that  cambial  elements 
in  contact  with  the  callus  cells  on  each  side  of  the  injury  stimu- 
late the  adjoining  callus  cells  into  active  divisions  so  as  to  finally 
form  a  complete  cambial  ring.  These  authors  did  not,  however, 
try  to  give  definite  support  to  their  views,  merely  stating  that 
new  cambial  elements  did  not  appear  except  in  close  proximity 
to  preexisting  cambial  elements. 

The  findings  herein  presented  once  more  corroborate  the  find- 
ings of  Sharpies  and  Gunnery,  (8)  who  stated  that  the  establish- 
ment of  a  cambial  bridge  across  the  callused  gaps  between  the 
symbionts  quickly  followed  the  union  in  Hevea  and  Hibiscus, 
The  subject  of  the  origin  of  callus  tissue  in  grafting  operations, 
either  from  the  cambial  elements  or  from  the  ray  elements,  al- 
though old,  has  remained  open  for  discussion  up  to  the  present. 
According  to  Kostoff,(4)  Goppert  in  1874  described  the  joining 
tissue  between  the  stock  and  scion  as  a  product  of  the  ray  ele- 
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ments,  and  pointed  out  that  Sorauer  rather  questioned  this  state- 
ment. Kostoff  himself  makes  no  contribution  on  this  point,  and 
simply  states  that  the  joining  tissue  between  the  stock  and  the 
scion  was  usually  the  product  of  the  stock.  The  present  study 
shows  that,  even  if  the  initial  development  of  the  callus  tissue 
should  start  with  the  stock,  the  contributions  of  both  symbionts 
were  more  or  less  equal.  Besides,  wherever  the  ray  cells  or  any 
parenchyma  from  either  symbionts  happened  to  be  near  the  cut 
surface  in  grafting  operations  these  elements  always  became  me- 
ristematic  and  participated  in  the  development  of  the  callus  cu- 
shion. In  the  importance  of  ray  elements  in  wound  healing  as 
well  as  in  budding,  R(Utgers(6)  and  Jimenez (3)  recorded  the 
proliferation  of  ray  cells  in  branch  injuries  affected  by  lightning 
and  in  stem  cuttings  of  kapok,  achuete,  and  santol,  respectively, 
while  Mann  and  Gunnery (5)  indicated  the  role  the  ray  cells  played 
in  bud-grafting  in  Hevea  brasiliensis. 
According  to  Eames  and  MacDaniels,(2) 

Among  the  functions  of  the  cambium  is  the  formation  of  callus  or  wound 
tissue  and  the  healing  of  wounds.  When  wounds  occur  in  roots  and  stems, 
masses  of  soft  parenchymatous  tissue  quickly  form  on  or  below  the  in- 
jured surface;  this  tissue,  known  as  callus,  may  be  formed  by  the  division 
of  parenchymatous  cells  in  the  phloem  and  cortex,  but  its  most  frequent 
source  is  the  cambium. 

They  further  state  that 

The  important  practices  of  budding  and  grafting  have,  as  their  basis, 
the  ability  of  the  cambium  of  both  stock  and  scion  to  develop  callus  and 
unite,  thus  forming  over  the  union  of  stock  and  scion  a  continuous  cam- 
bium layer  which  will  give  rise  to  normal  conducting  tissue.  The  whole 
matter  of  cambium  activity  and  structure  in  relation  to  graft  union  needs 
further  careful  study. 

It  becomes  obvious  that  this  idea  should  be  revised  in  view  of 
the  new  findings  herein  presented,  coupled  with  those  of  other 
investigators  herein  cited. 

The  question  of  the  activity  and  proliferation  of  parenchyma- 
tous elements  from  both  the  bark  and  the  pith  in  both  symbionts 
in  Nothopanax  spp.,  the  product  of  which  would  pack  up  the 
gaps  between  the  two  symbionts,  has  been  clearly  presented. 
No  evidence  of  any  notable  cambial  participation  in  the  pro- 
duction of  callus  tissue  was  noticed,  and  it  may  be  supposed 
that  this  type  of  tissue  regeneration,  as  had  been  already  pre- 
sented for  Hevea  brasiliensis  and  Hibiscits  rosa-sinensisi^)  and 
in  apple  grafts,  (7)  species  of  unrelated  families,  would  be  found 
to  be  a  common  method  in  woody  stems. 
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SUMMARY 

Clear-cut  evidence  is  herein  presented  to  support  the  view 
that  before  union  between  a  stock  and  scion  in  cleft  grafting 
in  Nothopanax  spp.  is  effected,  callus  cushions  are  first  formed 
in  the  gap  through  the  activity  of  the  parenchyma  of  both  the 
bark  and  the  pith,  and  the  ray  cells  of  both  symbionts.  From 
this  callus  a  cambial  bridge  is  derived  in  joining  the  cambial 
ends  of  the  stock  and  the  scion.  The  mistake  of  overemphasiz- 
ing the  role  played  by  the  cambium  in  callus  formation  during 
graft  union  is  brought  out. 

Although  initiation  of  callus  tissue  began  with  the  stock,  the 
contribution  of  the  callus  by  both  symbionts  was  approximately 
equal.  Callus  development  was  usually  initiated  first  in  the 
bark,  where  proportionately  more  callus  tissue  was  formed 
which  greatly  infiltrated  the  gap  between  the  two  symbionts. 
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ILLUSTRATIONS 

[All  photomicrographB  were  taken  by  the  photographic  studio  of  the  Bureau  of 
Science,  Manila.] 

Plate  1 

Fig.  1.  Portion  of  a  transverse  section  of  the  scion  (iV.  cochleatwm  Merr.) 
15  hours  after  grafting,  showing  unevenness  of  its  exposed 
surface;  coif  collenchyma ;  cpy  cortical  parenchyma;  epj  epider- 
mis.    X  64. 

2.  Portion  of  a  transverse  section  of  the  scion  (12  days  old),  show- 

ing callus  activity  mostly  derived  from  the  parenchyma  of  the 
cortex  and  very  little,  if  any,  from  the  cambium  {ca) ;  caly 
callus  tissue;  ph,  phloem;  phr,  phloem  ray.     X   64. 

3.  Portion  of  a  transverse  section  of  the  stock  [N.  crispatum  (Bull.) 

Merr.],  showing  shrinkage  and  death  of  pith  cells  15  hours  after 
grafting.     X   64. 

4.  Portion  of  the  stock,  showing  callus   (cal)  derived  from  the  bark 

and  its  cambium   (ca)   remaining  inactive.     X    64. 

5.  Portion  of  the  scion   (7  days  old),  showing  development  of  me- 

ristem  from  the  cortical  cells;  p/,  phloem  fibers.     X   578. 

Plate  2 

Fig.  6.  Transverse  section  of  the  symbionts  54  days  after  grafting;  co, 
cortex;  cal,  callus;  I,  lenticel;  inf  cal,  infiltrating  callus  tissue; 
pi,  pith;  w,  wood,     x  8. 

7.  Portion  of  the  stock  showing  its  bark  and  a  young  lenticel;  ca, 

cambium;  cp,  cortical  parenchyma;  r,  ray;  ph,  phloem  region. 
X   82. 

Plate  3 

8.  Portion  of  a  transverse  section  of  the  symbionts   (scion  below), 

showing  activity  of  the  parenchyma  near  the  phloem  and  cor- 
tex, and  formation  of  phellogen  (phe)  below  the  epidermis; 
(ep)  from  the  scion;  ca,  cambium;  cal,  callus  tissue;  col,  col- 
lenchjona;  cp,  cortical  parenchyma;  ph,  phloem  region,     x   49. 

9.  Transverse   section   of  both   symbionts,   showing  activity   of   the 

pith  cells  of  the  scion  (sc),  of  the  wood  ray  cells  of  the  stock 
(st),  the  infiltrating  callus  (inf  cal)  cells  derived  from  the 
bark,  and  cal,  callus.     X  49. 

10.  Transverse  section  of  both  symbionts,  showing  activity  of  the  pith 

cells  of  the  stock  (st  pi),  and  the  infiltrating  callus  cells  (inf 
cal)  between;  cal,  callus;  sc  pi,  scion  pith,     x  49. 

11.  Transverse  section  of  both  symbionts,  showing  activity  of  the  pith 

cells  of  the  stock  (st),  and  the  absence  of  callus  formation 
from  the  wood  of  the  scion  below;  cal,  callus;  sc  pi,  pith  of  the 
scion.     X  49. 
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Fig.  12.  Activity  of  the  pith  cells  from  stock,  showing  the  starch  grains. 
X   226. 
13.  Initial  activity  of  the  parenchyma  in  the  bark  of  the  scion;  cp, 
cortical  parenchyma;  ph,  phloem  region.     X   97. 

Plate  4 

Fig.  14.  Complete  infiltration  of  callus  tissue  between  the  symbionts;  cal, 
callus;  8Cy  scion,     x  49. 

15.  Development  of  tracheids  {tr)  from  among  the  callus  cells  between 

the  symbionts;  sCj  scion;  st,  stock.     X  49. 

16.  Longisection  of  both  symbionts,  showing  the  activity  of  the  pith 

cells  {st  pi)  from  the  stock  and  the  infiltrating  callus  cells  (inf 
cal)  between;  scion  wood  (sc  w)  on  the  right;  cal,  callus.  X 
49. 

17.  Longisection  of  both  symbionts,  showing  the  healing  of  the  wound 

in  the  stock  (st)  where  the  scion  (sc)  is  absent.     X  49. 

18.  Development  of  callus  tissue    (cal)    from,  the  bark  of  the  scion 

(below)  mostly  derived  from  the  cortex  and  the  phloem  ray 
cells.  Note  the  absence  of  callus  from  the  wood  (w)  and  the 
activity  of  the  pith   (pi)  of  the  stock  above.     X  49. 

19.  Transverse   section   of  both   symbionts,   showing   development   of 

callus  (cal)  from  the  bark  and  pith  of  the  stock  (st) ;  sc,  scion; 
w,  wood.     X  49. 
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STUDIES  ON  THE  INFLUENCE  OF  SPLENECTOMY  ON 

NATURAL  AND  ACQUIRED  IMMUNITY  OF  RATS 

TO  NIPFOSTRONGYLUS  MURIS  ^ 

By  Lope  M.  Yutuc 

Of  the  College  of  Veterinary  Science 
University  of  the  Philippines,  Manila 

Nine  years  after  Yokogawa(40, 41)  described  and  studied  the 
life  history  of  Nippostrongylus  muris,  Schwartz,  Alicata,  and 
Lucker(3i)  and  Africa(i)  demonstrated  for  the  first  time  the 
resistance  of  rats  to  superinfection  with  this  nematode.  The 
former  postulated  a  specific  growth-inhibiting  substance  or  sub- 
stances which  delay  the  development  and  reduce  the  egg-laying 
capacity  of  the  worms,  and  the  latter  stated  that  this  condition 
simulates  somewhat  the  selfcure  noted  by  Stoll(35)  in  Hmmon- 
chus  contortus  in  lambs.  The  observation  on  resistance  was 
repeatedly  confirmed  by  more  elaborate  and  extensive  investi- 
gations of  Chandler, (3-10)  Spindler,(33,  34)  Graham,(l5)  Porter, 
(26,27)  Sarles  and  Taliaferro, (30)  and  Taliaferro  and  Sarles.(37) 
In  his  first  paper  Chandler  stated  that  resistance  to  Nippo- 
strongylus muris  is  not  due  to  a  local  lethal  effect  on  the  nema- 
tode in  the  intestine  but  to  a  more  general  reaction.  Because 
of  failure  to  transfer  the  immunity  passively  either  by  injection 
or  by  the  use  of  parabiotic  twins,  he  concluded  in  his  subsequent 
paper  that  the  immunity  is  localized  in  the  intestine,  claiming 
that  the  immune  effect  is  nutritional  in  nature  and  possibly  due 
to  a  development  of  an  antienzyme  which  affects  adversely  the 
activity  of  the  very  specialized  enzymes  by  means  of  which  the 
parasites  digest  and  assimilate  the  host  protein.  Later  experi- 
ments, however,  wherein  Chandler  was  able  to  transfer  immunity 
passively  in  serum  to  normal  rats,  following  the  work  of  Sarles 
and  Taliaferro,  led  him  to  conclude  that  general  parenteral  im« 
rnunity,  like  local  immunity,  is  directed  primarily  against  the 
metabolic  products,  rather  than  against  the  body  substance  of 
the  worms.  In  other  words,  the  mechanism  of  the  immunity 
produced  by  the  worm  is  closely  related  to  its  nutrition. 

^Thesis  submitted  to  the  School  of  Hygiene  and  Public  Health  of  the 
Johns  Hopkins  University,  Baltimore,  in  partial  fulfilment  of  the  require- 
ments for  the  degree  of  Master  of  Science  in  Hygiene,  June,  1939.  The 
writer  wishes  to  acknowledge  the  helpful  guidance  of  Drs.  W.  W.  Cort  and 
G.  F.  Otto  during  the  course  of  the  experiments  and  the  writing  of  the 
thesis. 
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Sarles  and  Taliaferro(30)  considered  the  mechanism  of  im- 
munity against  Nippostrongylus  muris  as  "essentially  a  local 
immunity  in  strategically  placed  organs,  i.  e.  in  the  skin,  lungs, 
and  intestine  and  to  a  great  extent  has  an  antibody  basis."  The 
statement  is  based  on  the  finding  of  stunted  and  immature  worms, 
and  precipitates  around  and  in  the  gut  of  the  worms  in  the  skin 
and  lungs  of  immune  animals.  Sarles (29)  extended  this  investi- 
gation on  the  precipitin  of  immune  serum  obtained  from  hyper- 
immunized  rats  and  found  in  in  vitro  experiments  the  formation 
of  precipitates  on  the  cuticle  and  on  the  excretory  and  digestive 
systems  of  the  larv^.  These  precipitates  affected  the  larvae  by 
decreasing  their  activity  and  inhibiting  growth.  In  a  recent 
paper  Taliaferro  and  Sarles (37)  reported  an  extensive  study  on 
the  cellular  reactions  of  normal  and  immune  rats  after  infection 
with  Nippostrongylus  muris,  and  noted  that  up  to  a  certain  limit 
the  titer  of  immunity  was  directly  proportional  to  the  number  of 
larvae  and  the  number  of  injections  of  larvae  given  to  the  rats. 
In  initial  and  light  infections,  immunity  is  mainly  manifested  in 
the  intestine.  In  moderately  infected  rats  the  immune  reac- 
tions are  noted  in  the  lungs  as  well  as  in  the  intestine.  Finally, 
after  many  heavy  infections,  it  is  manifested  in  the  skin  also. 
In  their  histopathological  studies  Taliaferro  and  Sarles  observed 
stunted  worms,  larvae  immobilized  by  precipitates,  and  active 
cellular  response  going  to  the  extent  of  nodule  formations  with 
or  without  living  or  dead  larvae.  In  view  of  these  findings  they 
concluded  that  the  immunity  developed  in  Nippostrongylus  mu- 
ris infection  is  primarily  humoral  with  a  secondary  cellular  co- 
operation. 

It  is  apparent  from  what  has  been  given  here  that  acquired 
immunity  to  Nippostrongylus  muris  is  essentially  humoral  in 
nature  with  a  secondary  cellular  cooperation,  the  nutritional 
theory  and  the  specific  inhibiting  substance  or  substances  which 
have  so  far  not  been  demonstrated  being  probably  mere  after- 
effects. Further,  most  investigators  tend  to  assume  the  point 
of  view  that  the  mechanism  of  immunity  against  helminths  is 
similar  to,  if  not  identical  with,  that  against  other  infectious 
agents. 

In  the  studies  on  the  nature  and  production  of  resistance  to 
bacterial  and  protozoan  diseases,  the  attention  of  various  work- 
ers during  the  past  several  decades  has  been  directed  to  the 
role  played  by  the  spleen.  In  discussing  the  varied  functions 
of  this  organ,  HowelKi^)  states  that  the  spleen  takes  an  active 
part  in  the  production  of  antibodies  and  immune  substances. 
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Perla  and  Marmorston(25)  consider  the  spleen  an  organ  of 
macrophage  tissue,  and  thus  explain  its  importance  in  the  me- 
chanism of  resistance.  Moreover,  in  reviewing  the  literature 
bearing  on  the  spleen's  function  in  antibody  formation,  they 
state  that  definite  evidence  of  fixation  of  antigen  by  the  spleen 
occurs,  and  that  in  most  cases  removal  of  this  organ  has  resulted 
in  the  depression  of  antibody  production.  In  this  connection 
accumulating  evidence  indicates  that  the  reticuloendothelial  sys- 
tem of  which  the  spleen  is  a  part  has  an  important  part  in  the 
elaboration  of  humoral  antibodies. (36) 

Although  enlargement  of  the  spleen  had  been  reported  in  a 
few  instances,  namely,  in  trichinosis, (22)  schistosomiasis,  (23)  and 
ancylostomiasis,(l2)  no  attempt  has  been  reported  in  the  liter- 
ature to  determine  the  influence  of  the  spleen  in  relation  to  re- 
sistance, natural,  acquired,  or  both,  in  metazoan  parasitic  in- 
fection. 

In  view  of  the  foregoing  it  seems  desirable  to  investigate: 
(a)  the  effect  of  splenectomy  on  natural  resistance  of  rats  to 
Nippostrongylus  muris  infection;  (&)  the  influence  of  splenec- 
tomy on  the  production  of  acquired  resistance  to  superinfection ; 
and  lastly  (c)  whether  an  acquired  immunity  already  established 
in  the  body  can  be  broken  down  by  the  removal  of  the  spleen  in 
much  the  same  manner  as  diet  and  bleeding  have  been  found 
to  alter  it. 

MATERIALS   AND   METHODS 

Strain  of  worms  used. — The  strain  used  in  these  investigations 
was  isolated  from  the  wild  dump  rats  (Epimys  rattus  norvegi- 
cus)  captured  in  the  Westport  Dump,  Baltimore.  The  first 
strain  was  lost.  The  second  strain  obtained  was  used  in  the 
bulk  of  the  experiments  performed.  The  strain  was  main- 
tained in  the  laboratory  by  passing  it  through  laboratory  rats 
at  appropriate  intervals. 

Strain  of  rats  used, — The  rats  employed  in  this  investigation 
were  from  the  inbred  laboratory  piebald  rats  of  the  helmintho- 
logy  colony  which  were  reasonably  free  from  worms  and  were 
never  infected  with  Nippostrongylus  muris. 

Care  of  animals, — In  most  cases  the  rats  were  deloused  by 
liberal  use  of  tincture  of  larkspur.  The  experimental  animals 
were  kept  in  small  perforated  galvanized  iron  cages  which 
measured  9.5  by  9.25  by  15.5  inches,  and  were  provided  with 
removable  pans.    All  cage  pans  were  cleaned  and  sterilized  once 
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a  week  and  the  entire  cage  was  placed  in  a  steam  sterilizer  at 
frequent  intervals.  To  prevent  infestation  with  lice,  bedbugs, 
or  other  insects,  each  cage  was  supported  on  four  wide-mouthed 
4-inch  bottles  standing  in  a  pan  of  crude  oil.  The  rats  were 
supplied  with  an  abundant  diet  prepared  according  to  the  for- 
mula furnished  by  the  biochemistry  department.  Occasionally 
the  rats  were  given  fresh  cabbage  leaves.  Clean  tap  water  for 
drinking  was  always  accessible. 

Culture  and  infection  method. — ^Larvae  were  procured  by  cul- 
turing  in  fseces  of  infected  rats  mixed  with  moist  bone  char- 
coal. The  larvae  appeared  at  the  surface  of  the  culture  within 
five  days,  and  were  quite  abundant  from  the  6th  to  12th  day. 
In  old  cultures  stunted  larvse  were  noted.  In  general  10-day- 
old  cultures  were  used  and  isolated  by  means  of  the  Baermann 
apparatus.  The  larvse  used  for  injection  were  washed  re- 
peatedly in  50-cc  centrifuge  tubes  and  the  known  number  es- 
timated by  the  dilution  count  in  water  suspension,  as  described 
by  Scott.  (32)  After  thorough  stirring  an  appropriate  number 
was  drawn  off  with  a  1-cc  syringe  armed  with  a  1.5-inch  19- 
gauge  needle,  and  injected  subcutaneously  in  the  region  of  the 
back.  To  avoid  leakage,  the  point  of  injection  was  sealed  with 
celloidin. 

Splenectomy, — To  test  the  effects  of  splenectomy  on  natural 
and  acquired  resistance,  the  spleens  of  the  rats  were  removed 
by  surgical  means.  The  technique  is  briefly  described  as  follows : 
The  animal  was  anaesthetized  by  intraperitoneal  injection  of 
Nembutal  (veterinary)  in  doses  of  0.25  cc  of  a  1  to  9  dilution 
with  sterile  water  per  50  grams  body  weight.  The  hair  of  the 
left  flank  was  clipped  close  to  the  skin  and  rendered  sterile 
by  a  liberal  application  of  tincture  of  iodine.  A  bold  incision 
was  made  on  the  skin  through  the  tissues  as  deep  as  the  peri- 
toneum, and  the  latter  opened  with  scissors.  The  abdominal 
incision  was  dilated  with  forceps  and  the  spleen  lifted  up  through 
the  wound  with  fine  tissue  forceps,  ligated,  and  severed.  One 
or  two  kalmerid  catgut  sutures  applied  to  the  abdominal  wound 
completed  the  operation.  Rats  subjected  to  the  operation  were 
not  used  for  experiment  until  6  days  after  splenectomy. 

Out  of  the  80  splenectomized,  9  rats,  11  per  cent,  developed 
rat  anaemia.  Probably  this  figure  is  lower  than  the  actual  con- 
dition prevailing  in  the  colony.  In  all  these  cases  Bartonella 
muris  was  noted  on  stained  blood  smears.  In  young  rats  47 
days  old  and  less  the  condition  was  not  noted.     This  obser- 
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vation  corroborates  the  finding  of  Lawkowicz(l8)  that  young 
rats  seem  to  be  free  from  Bartonella  infection.  However,  this 
finding  cannot  be  taken  to  mean  that  young  rats  are  resistant, 
since  Eliot  and  Ford(i3)  demonstrated  that  3-week-old  rats 
with  intact  spleen  developed  ansemia  when  injected  with  blood 
of  an  ansemic  splenectomized  rat.  Rats  found  infected  with 
rat  ansemia  in  any  set  of  experiments  were  discarded  with  the 
corresponding  number  of  animals  in  the  control  lots,  picked  at 
random.  Actually  56  rats  were  employed  out  of  the  80  splenec- 
tomized. 

Methods  of  fsecal  examination. — To  determine  the  first  oc- 
currence of  eggs  in  the  faeces  after  infection  or  when  the  modi- 
fied StoU  counting  method  failed  to  reveal  eggs  in  the  course 
of  an  infection,  the  Lane  direct  centrifugal  flotation  was  used. 
In  most  of  the  tests  an  effort  was  made  to  determine  quanti- 
tatively the  number  of  eggs  passed  by  any  animal  or  group  of 
animals.  The  Stoll  egg-counting  technique  as  modified  by  Win- 
field  (39)  was  used  for  this  purpose. 

Autopsy  methods, — At  autopsy  the  rats  were  killed  with 
chloroform  and  the  small  intestine  detached  at  its  union  with 
the  stomach  and  at  the  junction  to  the  csecum,  removed,  and 
divided  into  three  pieces.  These  were  placed  in  separate  petri 
dishes,  slit  open,  and  worms  picked  out  with  fine  tissue  forceps 
with  the  aid  of  a  binocular  microscope.  At  the  same  time 
the  numbers  of  male  and  female  worms  were  determined.  The 
worms  collected  were  preserved  and  stored  in  vials. 

In  some  of  the  experiments  the  worms  in  the  lungs  were 
roughly  estimated  by  the  use  of  the  Baermann  apparatus.  In 
experiment  8,  after  the  larvse  were  recovered  from  the  lungs 
by  means  of  the  Baermann  apparatus,  the  pieces  of  lung  were 
examined  directly  under  a  binocular  microscope  for  any  re- 
maining worms  or  traces  of  worms. 

EXPERIMENTAL  RESULTS 

THE  EFFECT  OF   SPLENECTOMY   ON   THE   NATURAI,  RESISTANCE!  OF  RATS  TO 
NIFPOSTRONGYLID  INFECTION 

Experiment  1. — Experiment  1  was  undertaken  to  compare  the 
relative  egg  production  and  the  number  of  worms  in  the  in- 
testine of  nonsplenectomized  and  splenectomized  rats  exposed 
to  420  larvae  administered  hypodermically.  Table  1  shows  that 
the  splenectomized  rats  had  a  lower  egg  count,  the  maximum 
being  19,740,  observed  10  days  after  infection.     In  the  non- 
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splenectomized  group  the  peak  of  egg  production  was  31,330 
eggs,  noted  12  days  after  infective  inoculation.  In  the  actual 
number  of  worms  collected  from  the  intestine  of  rats  killed 
14  days  after  infection  there  was  an  average  of  105.5  and  43.5 
in  nonsplenectomized  and  splenectomized  rats,  respectively 
(Table  2).  Twenty-four  days  after  infection  an  average  of 
22  worms  were  recovered  from  the  nonsplenectomized  rats  and 
12.3  worms  from  the  splenectomized  animals.  There  was  no 
difference  in  the  prepatent  period  in  both  lots.  Twenty-three 
days  after  infection  the  egg  count  in  the  nonsplenectomized  lot 
dropped  to  1,900  eggs  per  rat  and  in  the  splenectomized  group 
to  430  eggs. 

Table  1. — Data  from  experiment  1,  showing  the  number  of  eggs  from 
both  nonsplenectomized  and  splenectomized  60-day-old  rats,  infected 
with  Ji.20  larvae  each. 


Days  after  infection. 

Eggs  per  day  per 
rat. 

Non 
splenec- 
tomized. 

Splenecto- 
mized. 

8      _   -     

a  + 

27,340 
31,330 
16,330 
20,570 

3,410 
830 

1,900 

4- 

19,740 

19,200 

15,000 

13,170 

5,420 

420 

430 

10 - ---          -   

12                  _- -     -- 

14            _._   ___     _ 

16        _-- -   

18                                  _.   

21                  _.         --     -- 

23                    „       ---   -_-     -   --     --   ---   

a  -}-,  examination  by  Lane  D.  C.  F.  method. 

Table  2. — Data  from  experiment  1,  showing  the  number  of  worms  recovered 
from  both  nonsplenectomized  and  splenectomized  dO-day-old  rats. 


14  days  after  infection. 

24  days  after  infection. 

Rat  No. 

Male 
worms. 

Female 
worms. 

Total 
worms. 

Aver- 
age. 

Rat  No. 

Male 
worms. 

Female 
worms. 

Total 
worms. 

Aver-    ' 
age. 

NONSPLENECTOMIZED 

1 

2 

60 
46 

49 
56 

109 
102 

105.5 

5 

6 

7 

4 
17 
11 

7 

9 

18 

11 
26 
29 

22.0 

SPLENECTOMIZED 

3 

4 

13 
30 

4 
40 

17 
70 

43. B 

8 

9 

10 

4 

25 

3 

0 
2 
3 

4 

27 

6 

12.3 

75,3 
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Table  3. — Data  from  experiment  S,  showing  the  number  of  worms  recov- 
ered from  nonsplenectomized  and  splenectomized  TS-day-old  rats  ex- 
posed to  J^IO  larvse.    Results  of  autopsy  12  days  after  infection. 


Rat  No. 

Male 
worms. 

Female 
worms. 

Total 
worms. 

Average. 

1 
NONSPLENECTOMIZED 

1 

46 

33 

13 

5 

60 

20 

17 

8 

106 
53 
30 
13 

2 _   _       

3 

4 

50.5 

SPLENECTOMIZED 

5 

25 
10 
14 
18 

28 

11 

8 

28 

53 
21 
22 
46 

1 

6 

7 

8 _._   _  . 

35.5 

Experiment  2, — Experiment  2  was  merely  an  extension  of 
experiment  1.  The  dose  of  infective  inoculation  was  410  larvas 
per  rat.  No  egg  count  was  made.  The  results  were  based  on 
the  number  of  worms  recovered  from  the  intestine  12  days 
after  infection.  The  average  number  of  worms  collected  from 
the  nonsplenectomized  group  was  50.5,  and  the  number  from 
the  splenectomized  group  was  35.5,  a  difference  of  15  worms. 
(Table  3).  Another  point  worthy  of  consideration  was  the 
marked  difference  of  the  worm  burden,  especially  in  the  non- 
splenectomized group,  as  demonstrated  in  rats  1  and  4,  with 
106  and  13  worms,  respectively. 

Experiment  S. — Experiment  3  constituted  a  further  extension 
of  the  two  previous  experiments.  However,  the  procedure  was 
varied  to  the  extent  that  a  pair  of  rats  was  killed  at  a  time 
until  all  rats  used  in  each  lot  were  exhausted.  The  infective 
dose  was  600  larvae  per  rat.  Again  there  was  no  difference 
between  the  prepatent  period  of  the  nonsplenectomized  and 
splenectomized  rats.  The  number  of  eggs  per  rat  per  day  was 
greater  in  the  nonsplenectomized  rats,  except  on  the  9th  day 
after  infection,  when  44,000  eggs  were  recorded  in  the  non- 
splenectomized lot  as  compared  with  62,500  eggs  in  the  splenec- 
tomized grou|).  The  peak  of  egg  production  noted  on  the  16th 
and  last  day  was  231,500  for  the  nonsplenectomized  rats  and 
93,000  for  the  splenectomized  animals.  Table  4  gives  the  data 
from  experiment  3. 
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Table  4. — Data  from  experiment  S,  showing  the  egg  curve  and  the  number 
of  worms  recovered  from  both  nonsplenectomized  and  splenectomized 
S  7-day -old  rats,  infected  with  600  larvse  from  a  10-day -old  culture. 


Days  after  infection. 

Eggs  per  day  per  rat. 

Nonsplenec- 
tomized. 

Splenec- 
tomized. 

7    

44,000 

62,500 

9 

11 

13 

107,660 
138,000 
231,500 

76,000 
89,250 
93,000 

15    -     _                       -                              -                 

16 

18 

Dayi  after  infection. 

Elesults  of  autopsy. 

Nonsplenectomixed. 

Splenectomized. 

Male 
worms. 

Female 
worms. 

Total 
worms. 

Aver- 
age. 

Male 
worms. 

Female 
worms. 

Total 
worms. 

Aver- 
age. 

7        _ 

9        

11 

83 

92 

127 

104 

87 

146 

187 
179 
273 

107 

75 

135 

117 

82 

130 

224 

157 
265 

13 

15                     -     -_- 

16 

18 

151 

198 

349 

247 

110 

110 

220 

216.5 

*  +,    positive   to   Lane   D,    C.    F. 

Again  the  splenectomized  rats  had  on  the  average  fewer 
worms  in  the  intestine.  However,  in  the  first  pair  of  rats 
killed  the  splenectomized  rat  had  a  higher  worm  burden  than 
the  nonsplenectomized  animal,  the  former  having  224  worms  and 
the  latter  187  worms.  In  the  other  three  pairs  of  rats  the 
splenectomized  animals  had  fewer  worms  than  the  nonsplenec- 
tomized rats. 

Experiment  4. — ^Experiment  4  was  an  exact  duplicate  of  ex- 
periment 3,  and  the  results  were  essentially  similar.  The  peak 
of  egg  output  was  noted  15  days  after  infection,  164,400  eggs 
per  rat  in  the  nonsplenectomized  lot  and  288,750  eggs  in  the 
splenectomized  group.  The  smaller  number  of  eggs  per  day 
per  rat  of  the  nonsplenectomized  animals  may  be  attributed 
to  constipation.  Table  5  shows  that  after  the  peak  the  non- 
splenectomized group  carried  a  higher  egg  count  per  day  per 
rat  than  the  splenectomized  lot.     The  last  count  performed  was 
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on  the  21st  day  after  infection,  the  results  being  11,450  eggs 
for  the  nonsplenectomized  and  150  eggs  for  the  splenectomized 
rats.  As  in  previous  tests,  the  splenectomized  group  harbored 
fewer  worms  than  the  nonsplenectomized  lot.  There  was  an 
average  of  300,4  worms  in  the  nonsplenectomized  lot  and  228.8 
worms  in  the  splenectomized  group,  the  difference  being  71.6 
worms.  The  individual  variation  in  the  worm  burden  of  the 
rats  was  so  marked,  however,  that  no  significance  can  be  at- 
tached to  this  difference.  Table  5  shows  the  data  for  experi- 
ment 4. 

Table  5. — Data  from  experiment  -4,  showing  the  egg  curve  and  the  number 
of  worms  recovered  from  both  nonsplenectomized  and  splenectomized 
5 -day-old  rats,  infected  with  1,200  larvse  from  a  lO-day-old  culture. 


Days  after  infection. 

Eggs  per  day  per  rat. 

Nonsplenec- 
tomized. 

Splenec- 
tomized. 

6 

*     -1- 
18,500 
164,400 
90,000 
80,700 
28,600 
34,480 
24,850 
11,450 

+ 

54,500 

288,750 

64,300 

30,700 

6,500 

750 

560 

150 

8 

15 _ 

16_ 

17 

18 

19 ._ 

20 

21 

Days  after  infection. 

Results  of  autopsy. 

Nonsplenectomized. 

Splenectomized. 

Male 
worms. 

Female 
worms. 

Total 
worms . 

Aver- 
age. 

Male 
worms. 

Female 
worms. 

Total 
worms. 

Aver- 
age. 

6 

8 

15 

16 _ 

271 
280 
124 

340 

340 

35 

611 
620 
159 

141 
292 
114 

170 

360 

12 

311 
652 
126 

17 

18 

19 

20  .. 

79 
31 

1 
1 

80 
32 

300.4 

19 
36 

0 
0 

19 

228.8 

21              

•  +.    positive  to  Lane  D.  C.  F. 


Experiment  5. — ^While  experiments  1  to  4  seem  to  suggest 
that  the  splenectomized  rats  are  slightly  more  resistant  to  nip- 
postrongylid  infection  than  the  normal  animals,  the  results  are 
far  from  conclusive.     Accordingly  any  such  difference  may  pos- 
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sibly  be  more  clearly  brought  out  by  the  use  of  lethal  doses 
of  larvse  as  a  means  of  gauging  resistance  of  the  two  groups. 
As  shown  in  Table  6,  38  rats,  from  39  to  47  days  old,  were 
used.  The  results  show  that  the  minimum  lethal  dose  was  100 
larvse  per  gram  body  weight  in  both  groups.  With  doses  of 
100  larvse  per  gram  the  total  number  of  larvse  administered 
to  the  rats  ranged  from  4,200  to  7,600,  whereas  Porter (26, 27) 
found  15,000  given  percutaneously  were  required  to  kill  even 
younger  animals.  This  would  suggest  that  a  large  number  of 
larvse  are  lost  in  percutaneous  infection.  In  the  batch  of 
rats  given  the  above  dose  (rats  10  NS  and  S,  11  NS  and  S, 
12  NS  and  S)  the  splenectomized  animals  in  general  lived  longer 
than  the  nonsplenectomized  individuals.  In  doses  greater  than 
100  larvse  per  gram  body  weight  the  rats  died  one  to  two  days 
after  they  were  given  the  test  infection.  All  animals  subjected 
to  a  dose  ranging  from  100  to  200  larvse  per  gram  body  weight 
died  from  hsemorrhagic  verminous  pneumonia. 

Table  6. — Data  from  experiment  5,  showing  relative  susceptibility  of  non- 
splenectomized and  splenectomized  young  rats  to  various  doses  of  larvss 
given  per  gram  live  body  weight. 


Date  of  infection. 

Rat  desig- 
nation. 

Age  at 
time  of  in- 
fection. 

Weight  of 
rats. 

Infective 

dose  per 

gram  body 

weight. 

Total  larvae 
given. 

May3- 

8  "NS 

8  S 

9  NS 
9     S 

10     NS 

10  S 

11  NS 

11  S 

12  NS 

12  S 

13  NS 

13  S 

14  NS 

14  S 

15  NS 

15  S 

16  NS 

16  S 

17  NS 

17  S 

18  NS 

18  S 

19  NS 
19     S 

Days. 
39 
39 
42 
42 
42 
42 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
47 
47 
47 
47 

fir. 
56 
56 
44 
42 
56 
56 
88 
64 
64 
76 
70 
72 
88 
72 
88 
94 
88 
90 
124 
98 
82 
96 
82 
92 

50 
50 
100 
100 
100 
100 
100 
100 
100 
100 
150 
150 
150 
150 
150 
150 
150 
150 
200 
200 
200 
200 
200 
200 

2,800 

2,800 

4,400 

4,200 

5,600 

5,600 

8,800 

6,400 

6,400 

7,600 

10,500 

10,800 

13,200 

13,800 

13,200 

14,100 

13,200 

13,500 

24,800 

19,600 

16,400 

19,200 

16,400 

18,400 

Do-- 

April  12       

Do 

Do--    _- 

Do 

April  13 

Do _.. 

Do _._ 

Do- 

Do--       -                              

Do__      _                              

Do _ 

Do 

Do 

Do 

Do __ 

Do 

Do -- 

Do - 

April  14- 

Do-. 

Do --_ 

Do 
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Table  6. — Data  from  experiment  5,  showing  relative  susceptibility  of  non- 
splenectomized  and  splenectomized  young  rats  to  various  doses  of  larviB 
given  per  gram  live  body  iveight. — Continued. 


Date  of  infection. 

Results. 

Killed  or  died,  after  Infection. 

Nonsplenec- 
tomized. 

Splenectomized. 

Larvae. 

Adults. 

Larvae. 

Adults. 

Mays 

1  month;  no  autopsy  made. 

Do. 
3  days;  intestine  not  opened. 
Do. 

2  days;  intestine  not  opened. 
13  days. 

10  days. 
12  days. 

6  days;  intestine  not  opened. 
8  days. 

2  days;  intestine  not  opened. 
Do. 

1  day;  intestine  not  opened. 

Do. 

2  days;  intestine  not  opened. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do 

April  12 

67 

Do 

116 

Do 

370 

Do 

4 

1,648 

April  13 

12 

433 

Do 

1 

1,222 

Do 

30 

Do   

30 

697 

Do--    

184 

Do 

136 

Do 

547 

Do          _               - - 

541 

Do   _    

271 

Do 

418 

Do 

317 

Do 

606 

Do                      

383 

Do    - 

1,032 

April  14 _   -     -_ 

160 

Do                      _     __     -_ 

1,308 

Do        _     

279 

Do        -- 

423 

^NS, 


nonsplenectomized ;    S,    splenectomized.     Rat   Nos.    1    to    7   were   omitted,    their    results 
being  the  same  as  those  of  Rat  Nos.  8  NS  and  S. 


The  larvse  isolated  from  the  lungs  of  the  splenectomized  group 
were  generally  more  numerous  than  those  from  the  nonsplenec- 
tomized lot.  Rats  9  NS  and  S  and  15  NS  and  S  to  19  NS  and 
S  substantiate  the  above  statement.  Exceptions,  however,  were 
observed,  as  in  rats  13  NS  and  S  and  14  NS  and  S. 

THE  EFFECT  OF  SPLENECTOMY  ON  THE  PRODUCTION  OF  RESISTANCE  TO 
SUPERINFECTION 

Experiment  6, — Experiment  6  was  designed  to  determine 
whether  the  production  of  acquired  resistance  may  be  influenced 
by  the  removal  of  the  spleen.  For  the  sake  of  convenience, 
at  the  start  of  the  experiment  the  rats  were  divided  into  groups 
A  and  B.  The  initial  immunizing  dose  was  1,200  larvae,  given 
subcutaneously.     The  prepatent  period  was  6  days  after  ino- 

54691 3 


266 


The  Philippine  Journal  of  Science 


1941 


culation  with  a  10-day-old  culture.  The  peak  of  egg  production 
in  both  lots  was  14  days  after  infection,  being  677,200  eggs  for 
the  nonsplenectomized  lot  and  226,000  for  the  splenectomized 
group.  But  the  infection  died  out  first  in  the  nonsplenectomized 
rats.  Thirty-eight  days  after  infection  no  eggs  could  be  reco- 
vered by  the  usual  egg-counting  method,  and  on  the  45th  day  the 
rats  were  negative  by  D.  C.  F.  On  the  contrary,  in  the  splenec- 
tomized group  the  infection  persisted,  as  shown  by  the  egg 
count  performed  up  to  the  45th  day.  The  egg  count  at  this 
time  was  400  eggs  per  rat.  Table  7  gives  the  data  for  experi- 
ment 6. 

Table  7. — Data  from  experiment  6,  egg-curve  data  from  3 7 -day -old  rats 
exposed  to  1,200  larvse  {groups  A  and  B)  and  reexposed  along  with 
group  C  to  600  larvse  per  rat. 


Days  after 
infection. 


6 - 

+ 

8 

311,200 

12     

268,400 

14  

677,200 

19 

71,200 

21_ 

193,800 

23 

200 

38  _  --- 

0 

45 

Eggs  per  day  per  rat. 


Group  A, 

5  non- 
splenecto- 
miaed  rats. 


Group  B , 
5  splenec- 
tomized 
rats. 


93,200 

89,200 

226,000 

150,400 

154,400 

1,400 

3,800 

400 


Days 
after 
super- 
infection. 


Eggs  per  day  per  rat. 


After  4  days  interval. 


Group  A, 

5  non- 

splenec- 

tomised 

rats. 


400 

400 

400 

0 

200 
200 


Group  B, 

5 
splenec- 
tomized 
rats. 


600 
600 
400 

0 
I- 

0 
200 


Group  C, 

5  non- 
splenecto- 
mized rats. 


+ 

2,600 
40.200 
39,400 
88,400 


45,800 
31,600 
30,200 


a  -|->  positive  to  Lane  D.  C.  F. ; 


negative  to  Lane  D.  C.  F. 


After  a  4-day-interval  these  two  groups,  along  with  a  third 
lot  (designated  as  group  C),  which  were  of  the  same  age  but 
previously  worm-free  and  nonsplenectomized,  were  each  given 
the  test  dose  of  600  larvse  subcutaneously.  Six  days  later 
all  groups  were  positive  to  D.  C.  F.  The  course  of  the  infec- 
tion was  again  followed  by  the  egg-counting  method.  There 
was  no  appreciable  difference  between  the  egg  output  of  the 
splenectomized  and  that  of  the  nonsplenectomized  rats,  the 
readings  being  600  and  400  eggs  per  rat,  respectively.  Both 
groups  had  apparently  developed  immunity  as  a  result  of  the 
initial  infection,  since  in  the  control  lot  a  peak  of  88,400  eggs 
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per  rat  was  reached  12  days  after  the  infective  dose.  The 
16th  day  both  splenectomized  and  nonsplenectomized  groups 
of  immunized  rats  were  negative  to  D.  C.  F.,  while  the  controls 
gave  a  reading  of  30,200  eggs  per  animal.  The  rats  in  the 
three  groups  were  killed  and  the  results  of  the  postmortem 
examination  will  be  described  under  a  separate  heading  with 
those  of  experiments  7  and  8. 

Experiment  7. — Experiment  7  was  essentially  a  repetition 
of  experiment  6,  and  yielded  similar  results.  The  peak  of  egg 
production  was  higher  in  the  splenectomized  rats  than  in  the 
nonsplenectomized  animals.  This  condition  may  be  attributed 
to  constipation,  as  has  been  observed  in  experiment  4.  At  the 
peak  of  egg  production,  13  days  after  the  immunizing  dose, 
the  egg  count  was  165,640  for  the  nonsplenectomized  lot  and 
289,870  for  the  splenectomized  group.  As  time  went  by  the 
opposite  condition  operated  up  to  the  30th  day  after  the  im- 
munizing injection.  Ten  days  later  the  nonsplenectomized 
group  was  negative  while  the  splenectomized  was  still  positive 
to  the  egg-count  method,  the  reading  being  170  eggs,  quite 
identical  with  experiment  6.  After  a  7-day-interval  a  test 
dose  of  600  larvae  was  administered  to  each  of  the  rats  along 
with  a  control  (group  F).  There  was  an  indication  of  slightly 
more  eggs  produced  in  the  splenectomized  group  than  in  the 
nonsplenectomized  lot,  but  it  was  of  too  slight  significance  to 
merit  consideration  beyond  passing  mention.  The  peak  of  egg 
output  in  the  control  lot  was  172,200  eggs,  the  11th  day  after 
the  test  dose.  The  results  of  the  necropsy  will  be  incorporated 
with  those  of  experiments  6  and  8.  Table  8  gives  the  data 
for  experiment  7. 

THE  EFFECT  OF  SPLENECTOMY  ON  ACQUIRED  RESISTANCE 

Experiment  S. — Experiments  8  and  9  were  designed  to  de- 
termine the  influence  of  splenectomy  on  resistance  acquired  be- 
fore splenectomy.  In  this  experiment  immunization  was 
produced  by  a  subcutaneous  injection  of  1,200  larvse  per  rat. 
As  shown  in  Table  9,  there  was  no  significant  difference  in  the 
egg  count  between  the  two  lots  of  rats  (groups  G  and  H)  during 
the  course  of  the  initial  infection.  Six  days  after  the  egg  count 
dropped  to  100  per  rat,  46  days  after  infection,  the  rats  of 
group  H  were  splenectomized.  Six  days  thereafter  a  test  in- 
fection of  600  larvse  was  given  to  both  groups  and  to  an  ad- 
ditional lot  of  normal  controls  designated  as  group  I.  Six  days 
later  the  controls  were  positive,  while  the  other  two  groups 
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Table  8. — Data  from  experiment  7,  egg-count  data  from  J^T-day-old  rats 
exposed  to  1^200  larvss  (groups  D  and  E),  reexposed  along  with  group 
F  to  600  larvse  per  rat  1^9  days  after  initial  infection. 


Days  after 
nfection. 

Days 
after 
super- 
infection. 

Eggs  per  day  per  rat. 

After  7  days  interval. 

Group  D, 

6  non- 
splenecto- 
mized  rats.. 

Group  E, 

6  splenec- 

tomized 

rats. 

Group  D, 

6  non- 

splenec- 

tomized 

rats. 

Group  E, 

6 

splenec- 

tomized 

rats. 

Group  F, 

6  non- 
splenecto- 
mized  rats. 

6 

20,160 

165,640 

90,000 

81,800 

28,000 

34,850 

24,850 

11,860 

500 

0 

4- 

55,410 
289,670 

65,670 

30,000 
6,670 
750 
570 
140 
330 
170 

4 

5 

8 

9 

10 

11 

12 

13 

14 

170 
0 
0 

100 

0 

100 

0 
0 
0 

100 
300 
100 

6,500 
126,670 
172,200 

7 

13 

14 

15 

16 _ 

78,830 

19,300 

4,500 

2,300 

17 

18 

19 

80 

40 _ 

*  +,  positive  to  Lane  D.  C.  F. ;  — ,  negative  to  Lane  D.  C.  F. 

were  negative  to  D.  C.  F.  On  the  8th  day  the  immunized  group 
gave  a  reading  of  400  eggs,  the  immunized  and  splenectomized 
lot,  600  eggs,  and  the  control  group  25,000  eggs  per  rat. 
Twelve  days  after  the  test  infection  the  immunized  and  splen- 
ectomized group  was  negative  to  D.  C.  F.,  but  the  immunized 
lot  continued  to  maintain  an  ^gg  count  of  400  eggs  per  rat. 
The  peak  of  ^gg  output  of  the  control  animals  (group  I)  was 
observed  on  the  13th  day  with  a  recorded  count  of  80,000  eggs 
per  rat.  The  last  ^gg  count  showed  the  immunized  groups 
negative  while  the  control  was  still  passing  15,800  eggs.  The 
result  of  the  necropsy  will  be  included  with  those  of  experiments 
6  and  7. 

After  it  was  clear  that  no  appreciable  rise  could  be  expected 
in  the  ^gg  curves  of  any  of  the  groups  used  in  experiments 
6  to  8,  all  the  rats  were  killed  and  examined  for  worms  in  the 
intestine  and  larvse  in  the  lungs.  Groups  A,  B,  and  C  were 
killed  on  the  16th  day  after  the  test  dose,  groups  D,  E,  and  F  on 
the  14th,  and  so  on,  until  all  9  groups  had  been  examined.  The 
resulting  data  are  assembled  in  Table  10,  which  shows,  in  the 
first  place,  that  postmortem  data  show  extreme  variation  in 
the  number  of  worms  recovered  from  the  intestine,  and  in  this 
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Table  9. — Data  from  experiment  8,  egg  count  from  J^2-day-old  rats  exposed 
to  1,200  larvse  (groups  G  and  H),  reexposed  along  with  group  I  to  600 
larvse  per  rat  53  days  after  initial  infection. 


Days  after 
infection. 

Eggs  per  day  per  rat. 

Days 
after 
super- 
infection. 

Eggs  per  day  per  rat. 

After  12  days  interval. 

Group  C, 

5  non- 
splenecto- 
mized  rats. 

Group  H, 

5  non- 
splenecto- 
mized  rats. 

Group  C, 

5non 
splenecto- 
mized  rats. 

Group  H, 
splenecto- 
mized  6  days 
before  super- 
infection. 

Group  I, 

5  non- 

splenecto- 

mized  rats. 

6„. 

11 

382,400 

103,000 

1,000 

900 

100 

381,400 

90,900 

2,770 

780 

100 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

400 
200 
200 

0 
400 
200 
100 

0 

600 
0 
0 
0 

+ 
25,000 
49,800 
37,800 
59,800 
55,400 
80,000 
19,800 
15,800 

20    _     

29 .- 

35 

40 

*  +.  positive  to  Lane  D.  C.  F. ;  — ,  negative  to  Lane  D.  C.  F. 

respect  support  previous  observations  (Chandler  and  Graham), 
The  worms  obtained  from  the  immunized  animals,  whether 
splenectomized  or  not,  fell  into  three  categories,  namely  adult 
males,  undersized  adult  males  and  females,  and  immature  forms, 
some  of  the  latter  being  hardly  a  millimeter  long.  The  adult 
males  only  were  found  in  both  the  immunized  groups  of  ex- 
periment 8  (groups  G  and  H).  The  worm  burdens  of  the  con- 
trol rats  (groups  C,  F,  and  I)  are  significantly  greater  than 
in  the  other  groups,  as  shown  in  Table  10.  The  difference  in 
the  worm  burden  of  groups  D  and  E  is  largely  due  to  one  rat 
in  group  D  which  harbored  31  undersized  adults  and  immature 
forms.  This  animal  had  suffered  an  accident  in  which  the  tail 
was  cut  and  continued  to  bleed  almost  all  night  long.  More- 
over, because  of  the  blood  thirst  initiated  by  the  accident,  all 
the  rats  in  this  group  were  restless  and  cannibalistically  inclined 
up  to  the  termination  of  the  experiment.  In  experiment  8 
there  was  a  difference  in  the  average  of  worms  recovered  from 
groups  G  and  H,  suggesting  that  the  removal  of  the  spleen  may 
have  altered  the  degree  of  immunity  established  after  an  im- 
munizing dose  of  1,200  larvae. 
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Table  10.--Data  on  worms  found  in  intestines  and  lungs  of  reinfected  and 
control  rats  at  autopsy  {experiments  6  to  8), 

[B  and  E,  splenectomized  and  immunized  rats;  H,  immunized  and  splenectomized  rats; 
A,  D,  and  G,  immunized  rats ;  C,  P,  and  I,  controls.] 


Experiment. 


Group. 


Days 
between 
infection 

and 
autopsy. 


16 
16 
16 
14 
14 
14 
15 
15 
15 


Number  of  worms  in  intestine. 


Individual  autopsy  record. 


1 

6 

35 

18 

18 

11 

4 

13 

14 

56 

77 

295 

150 

50 

413 

9 

9 

4 

a  31 

3 

9 

2 

4 

4 

1 

36 

3 

2 

31 

57 

5 

26 

34 

55 

15 

42 

0 

33 

80 

67 

271 

195 

107 

126 

94 

4 

0 

282 


Average. 


15.6 
19.6 

197.0 
10.0 
3.3 
70.0 
27.0 
44.4 

158.6 


Experiment. 


Group. 


Days 
between 
infection 

and 
autopsy. 


16 
16 
16 
14 
14 
14 
15 
15 
15 


Number  of  larvse  in  lungs. 


Individual  autopsy  record. 


3 

13 

3 

2 

3 

3 

6 

0 

5 

2 

0 

0 

3 

0 

0 

6 

11 

4 

8 

13 

11 

13 

6 

8 

11 

0 

4 

4 

4 

3 

9 

11 

16 

15 

10 

16 

18 

19 

11 

7 

13 

5 

6 

1 

6 

8 

10 

1 


Average. 


4.8 
3.2 
0.6 
8.3 
9.8 
2.6 
12.2 
.  14.2 
6.0 


■Average  for  group  D  5.8  if  this  animal  is  omitted   (see  text). 

Fewer  larvse  were  isolated  from  the  lungs  of  all  the  control 
groups  than  from  any  of  the  immunized  rats,  whether  or  not 
the  latter  had  been  splenectomized  at  any  time.  However,  many 
of  the  larvse  found  in  the  lungs  of  the  immunized  animals  either 
with  spleens  intact  or  removed,  were  in  a  state  of  disintegration. 
More  larvse  were  obtained  from  the  lungs  of  the  rats  employed 
in  experiment  8  than  from  those  in  experiments  6  and  7,  in 
which  they  were  recovered  by  subjecting  the  lungs  for  24  hours 
to  isolation  in  the  Baermann  apparatus.  In  experiment  8  a 
combined  Baermann  apparatus  and  direct  binocular  examination 
of  the  lung  tissues  thereafter  was  employed. 

Experiment  9. — Experiment  9  was  essentially  an  extension 
of  experiment  8.  In  determining  the  degree  of  resistence  al- 
ready acquired  as  a  result  of  an  immunizing  dose  of  1,200  larvse 
given  per  rat  52  days  previously,  lethal  doses  of  larvse  ranging 
from  21,600  to  33,900  were  employed.    As  shown  in  Table  11, 
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all  rats  in  the  three  groups  died.  In  general  the  immunized  and 
splenectomized  rats  lived  longer  than  the  immunized  animals. 
The  control  rats,  which  were  of  the  same  age,  succumbed  earlier 
to  the  lethal  doses  of  larvse  than  either  the  immunized  rats 
or  the  immunized  and  subsequently  splenectomized  animals. 
If  delay  in  the  death  of  an  animal  may  be  considered  sufficient 
indication  of  the  degree  of  immunity,  the  results  presented  sug- 
gest to  a  certain  extent  that  the  immunized  and  splenectomized 
lot  showed  slightly  more  resistance  than  the  immunized  rats  to 
lethal  doses  of  iarvse.  Further,  the  immunized  rats,  whether 
splenectomized  or  not,  offered  slightly  more  resistance  than  the 
normal  animals.  But  in  no  instance  was  the  immunity  acquired 
sufficiently  high  to  prevent  death  of  the  experimental  animal. 

Table  11. — Data  from  experiment  9,  showing  the  results  obtained  by  test- 
ing the  degree  of  immunity  produced  by  a  single  injection  of  1,200  larvae 
per  rat  March  27,  1939,  with  a  lethal  dose  of  150  larvse  per  gram, 
weight,  May  19,  1939, 


Rat  No 

Weight  in 
grams. 

Total  larvae 
in  test  dose. 

Remarks. 

IMMUNIZED  AND  SPLENECTOMIZED 

1 

182 
196 
200 

27,300 
29,400 
30,000 

All  died  within  8  days 
after  infection;   no 
autopsies  made. 

2 

3      

IMMUNIZED 

4 

202 
202 
226 

30,300 
30,300 
33,900 

All  died  within  4  days 
after  infection;    no 
autopsies  made. 

5 

6        

CONTROL 

7 __. 

172 
156 
144 

25,800 
23,400 
21,600 

All  died  within  3  days 
after  infection;   no 
autopsies  made. 

8 ___ 

9        

DISCUSSION 

Effect  of  splenectomy  on  the  natural  resistance  of  rats, — From 
the  results  presented  in  experiments  1  to  4  (Tables  1  to  5)  no 
indication  suggestive  of  a  decline  in  the  natural  resistance  of 
rats  against  infection  of  Nippostrongylus  muris  was  observed. 
If  the  egg  production  and  the  number  of  worms  recovered  in 
postmortem  examinations  are  considered  sufficiently  significant 
indications  in  judging  resistance,  there  seems  to  be  enough  evi- 
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dence  to  show  that  resistance  against  nippostrongylid  infec- 
tion is  enhanced  instead  of  depressed  as  a  result  of  splenectomy, 
contrary  to  prevailing  observations  in  bacterial  and  protozoan 
infections.  To  a  certain  extent  this  observation  may  find  sup- 
port in  the  experiments  of  Lewis  and  Margot  (19-21)  who  re- 
ported an  increased  resistance  in  mice  against  bovine  tuberculosis 
as  a  result  of  splenectomy,  attributing  it  to  the  production  of 
tuberculosplenatin.  Further,  Tscherikower  and  Rubinstein  (38) 
stated  that  there  was  no  lowering  of  resistance  in  guinea  pigs 
to  infective  jaundice  induced  by  injection  with  Spirochseta  icte- 
rogenes  subsequent  to  splenectomy.  Moreover,  in  experiment  5 
(Table  6)  the  nonsplenectomized  and  splenectomized  rats  were 
subjected  to  graded  doses  of  larvse.  Once  more,  in  those  that 
received  100  larvse  per  gram  body  weight  the  splenectomized 
animals  died  later  than  the  nonsplenectomized  rats,  with  the  ex- 
ception of  rats  9  NS  and  S,  which  died  on  the  same  day.  The 
lungs  of  rats  9  S  to  19  S  were  subjected  to  the  Baermann  ap- 
paratus and  hence  more  larvae  were  recorded  from  the  lungs  of 
splenectomized  than  from  those  of  nonsplenectomized  rats.  This 
condition  seems  to  suggest  an  activation  of  the  septal  tissue  of 
the  lungs  in  the  production  of  macrophages  in  the  splenectomized 
animals  in  cooperation  with  the  other  cellular  elements  of  the 
body,  bringing  about  retardation  at  least  in  the  sojourn  of  the 
larvae  in  this  organ.  It  is  a  well-known  fact  that  whenever  there 
is  a  disturbance  in  the  equilibrium  of  the  body  tissues  there 
is  a  corresponding  readjustment,  not  necessarily  structural  but 
possibly  functional  in  nature.  In  this  case  the  changes  would 
seem  to  be  functional,  since  structural  changes  resulting  from 
the  loss  of  the  spleen  in  rats  require  nearly  2  months  (Perla 
and  Marmorston)  to  develop,  and  marked  changes  require  6 
months.  (24)  Taliaferro  believes  that  destruction  of  the  reticulo- 
endothelial system  has  to  be  tested  within  certain  time  limits, 
because  the  system  rapidly  regenerates  due  to  the  proliferation 
of  the  cells  in  other  localities.  The  time  limit  of  6  days  after 
splenectomy  used  in  various  tests  here  reported  is  believed  to 
be  sufficient  margin  to  preclude  the  possibility  of  regeneration 
and  at  the  same  time  allow  the  body  to  recover  from  the  general 
depressing  effect  of  the  operative  trauma  and  similar  factors. 

Therefore,  if  the  assumption  of  the  retarding  influence  of  the 
lungs  is  correct,  the  low  egg  output  and  the  comparatively  smaller 
worm  burden  in  the  splenectomized  animals  as  compared  with 
the  nonsplenectomized  already  mentioned,  may  be  attributed  to 
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delay  in  the  evolution  of  the  larvse  from  the  lungs.  This 
delay  would  incidentally  extend  the  period  of  maturity  of  some 
of  the  worms  and  possibly  result  in  a  more  prolonged  infection* 
It  is  not  unlikely  that  this  state  of  affairs  is  actually  initiated  to 
a  great  extent  by  the  adventitious  tissue  at  the  seat  of  injection 
and  at  the  onset  of  infection.  The  greater  span  of  larval  life  of 
Nippostrongylus  muris  is  spent  in  the  tissues,  namely,  the  skin 
and  the  lungs  through  which  it  migrates  before  it  settles  down 
in  the  intestine  as  a  mature  parasite  to  complete  its  life  attached 
to  the  mucosa.  In  view  of  this  peculiarity  the  defensive  me- 
chanism of  the  host  is  more  or  less  concentrated  for  the  most 
part  at  strategic  points  in  the  body  where  the  parasite  actually 
feeds,  grows,  migrates,  and  resides.  Its  inability  to  multiply 
suggests  a  less  exhausting  and  prolonged  struggle  against  the 
protective  forces  of  the  rat  than  takes  place  in  bacterial  infec- 
tions. In  those  experiments  where  the  egg  count  was  followed 
up  to  40  days  or  more  after  the  initial  infection,  the  nonsplenec- 
tomized  group  lost  its  infection  earlier  than  the  splenectomized 
lot  (Tables  7  and  8).  This  finding  further  strengthens  the  pos- 
tulate of  *'delay"  in  the  excursion  of  the  larvse  in  the  various 
tissues,  especially  the  lungs,  provoked  possibly  by  the  removal 
of  the  spleen.  Therefore,  the  apparent  increased  resistance  as 
measured  by  the  egg  output,  worm  burden,  and  possible  delay  in 
the  death  of  some  of  the  experimental  animals,  may  be  considered 
relative  in  character  rather  than  absolute. 

Effect  of  splenectomy  on  the  production  of  acquired  resistance. 
— Experiments  6  and  7  (Tables  7  and  8)  show  that  there  is  no 
significant  difference  in  the  egg  production  and  the  number  of 
worms  recovered  from  the  splenectomized  rats  as  compared  with 
the  nonsplenectomized  lot  (groups  A  and  B,  and  D  and  E  in  Table 
10)  after  a  test  dose  of  600  larvse.  Although  in  experiment  7 
(Table  10)  there  are  three  times  as  many  stunted  and  immature 
worms  on  the  average  in  the  splenectomized  as  in  the  nonsplenec- 
tomized rats,  this  finding  is  largely  due  to  one  rat  in  group  D 
which  had  31  worms.  It  will  be  recalled  that  this  animal  ac- 
cidentally had  its  tail  cut  off  and  bled  profusely  all  night.  This 
finding  is  in  accord  with  the  reports  of  Cort(il)  and  Foster, (14) 
who  pointed  out  that  the  mechanism  of  resistance  to  canine 
hookworms  is  sometimes  broken  by  repeated  bleeding.  In  gene- 
ral the  results  presented  may  find  support  in  the  observation 
of  Benario(2)  wherein  he  failed  to  note  any  influence  of  splenec- 
tomy on  the  capacity  of  mice  to  develop  an  acquired  resistance 
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to  certain  poisons,  as  ricin.  Kraus  and  Schiffman(l7)  observed 
that  splenectomy  had  little  or  no  effect  on  the  formation  of  horse 
serum  precipitin  or  typhoid  agglutinins. 

As  far  as  the  foregoing  experiments  went,  indications  are 
lacking  to  substantiate  the  general  opinion  among  some  bac- 
teriologists that  splenectomy  depresses  antibody  formation  as 
applied  to  Nippostrongylus  muris  in  rats.  Some  of  the  reasons 
presented  in  the  discussion  on  the  effect  of  splenectomy  on  nat- 
ural resistance  may  account  for  the  unexpected  finding. 

Effect  of  splenectomy  on  acquired  resistance. — Having  found 
that  the  production  of  antibodies  against  nippostrongylid  in- 
fection of  rats  is  not  affected  by  the  removal  of  the  spleen,  ex- 
periments 8  and  9  v^ere  undertaken  to  determine  v^hether 
immunity  once  established  in  the  body  of  the  rats  can  be  broken 
down  in  much  the  same  manner  as  with  diet  and  bleeding.  The 
results  recorded  in  experiment  8  (Table  9)  demonstrate  that 
splenectomy  did  not  alter  the  immunity  produced  in  the  ex- 
perimental animals  as  far  as  egg  output  is  concerned.  On  the 
other  hand,  if  the  average  worm  burden  of  groups  G  and  H  is 
considered  (Table  10) ,  there  is  indication  that  the  immunity  was 
to  some  extent  altered  by  the  removal  of  the  spleen.  In  ex- 
periment 9,  where  the  death  of  the  experimental  animals  was 
used  to  measure  the  intensity  of  the  immunity  produced,  no 
marked  difference  was  observed  between  the  two  groups.  In 
general  the  immunized  rats,  either  intact  or  with  the  spleen 
ablated,  died  later  than  the  control  group,  suggesting  that  a 
certain  degree  of  resistance  was  developed  by  a  single  injection 
of  1,200  larvse  to  the  point  of  prolonging  life  but  not  to  the  ex- 
tent of  preventing  death.  Perla  and  Marmoston  state  that  the 
spleen  has  no  influence  on  the  acquired  resistance  developed  by 
a  previous  infection  from  which  the  animal  has  completely 
recovered ;  for  example,  the  acquired  resistance  to  Trypanosoma 
lewisi  in  rats  is  not  affected  by  subsequent  ablation  of  the  spleen. 

SUMMARY 

A  series  of  experiments  to  determine  the  influence  of  splenec- 
tomy on  the  natural  and  acquired  immunity  to  Nippostrongylus 
muris  of  rats  was  performed.  The  results  obtained  show  that 
splenectomy  did  not  reduce  the  natural  resistance  of  rats  to 
nippostrongylid  infection.  In  fact  there  seems  to  be  some  in- 
crease in  resistance  as  a  result  of  splenectomy  as  shown  by  the 
lower  egg  output,  the  smaller  worm  burden,  and  delay  in  death 
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of  the  experimental  animals.  The  production  of  immune  bodies 
was  apparently  not  influenced  by  the  removal  of  the  spleen, 
v/here  the  operation  was  done  before  immunization.  Where  the 
splenectomy  was  performed  after  immunization  there  was  only 
a  slight  reduction,  if  any  at  all,  in  the  degree  of  immunity. 
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THE  ORIGIN  OF  PLACER  GOLD  IN  SANTA  MARIA 
RIVER,  BULACAN 

By  A.  D.  Alvir 

Of  the  Natural  History  Museum  Division 
Department  of  Agriculture  and  Commerce^  Manila 

ONE  PLATE 

A  few  years  ago,  during  the  exciting  days  of  the  mining  boom 
in  the  Philippines,  the  writer  staked  placer  claims  covering  the 
Santa  Maria  River  and  its  tributaries  in  Bulacan  Province. 
Panning  showed  30  to  40  good-sized  colors  per  pan,  and  an  oc- 
casional flake  of  platinum.  It  was  then  decided  to  probe  the 
ground  with  an  empire  drill.  Forty  holes  sunk  in  the  vicinity 
of  the  Santa  Maria  Bridge  showed  that  the  values  were  mostly 
confined  to  the  first  one  or  two  feet  from  the  surface.  There 
were  only  occasional  colors  below  that. 

In  the  course  of  this  exploration  the  creeks  were  prospected 
and  followed  upstream  to  their  sources.  The  observations  made 
and  data  obtained,  together  with  the  writer's  familiarity  with 
the  geology  of  this  area,^  have  supplied  the  material  for  this 
short  paper. 

On  following  several  of  the  small  branches  of  the  Santa  Ma- 
ria River  upcreek,  their  sources  were  observed  to  be  in  the  Alat 
Conglomerate  hills  (Plate  1).  Since  these  creeks  carried  gold, 
and  in  larger  particles  than  at  Santa  Maria  Bridge,  the  imme- 
diate source  was  believed  to  be  the  Alat  Conglomerate.  This 
theory  was  borne  out  by  the  fact  that  panning  the  conglomerate 
in  places  which  suffered  no  stream  action  showed  an  occasional 
color.  The  conglomerate  of  itself  was  too  poor  to  hydraulic. 
The  streams  rising  from  these  conglomerate  hills  have  acted 
as  sluice  boxes,  concentrating  the  gold  and  platinum  along  the 
surface,  so  that  panning  the  material  from  them  gave  a  goodly 
number  of  colors,  the  size  of  which  sometimes  reached  that  of 
a  housefly's  wing. 

This  fact  has  also  been  established  in  the  small  creeks  south 
of  Norzagaray,  in  San  Jose  del  Monte,  in  Sapang  Alat,  and  in 

^  Alvir,  A.  D.  A  Geological  Study  of  the  Angat-Novaliches  Region. 
Philippine  Journ.  Sci.  40   (1929)  359. 
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Novaliches  River.  Mariquina  River  and  Angat  River  carry  very 
little  gold  because  they  have  ceased  to  come  in  contact  with  the 
Alat  Conglomerate. 

The  portions  of  Santa  Maria  River  and  its  branches  east  of 
the  Alat  Conglomerate  carry  very  little  gold,  but  in  the  Conglo- 
merate and  west  of  it,  the  showings  are  very  good.  The  same 
can  be  said  of  Sapang  Alat  and  Novaliches  River. 

At  Tiakad,  near  Sapa  Biniakdan,  north  of  Mount  Tacbuhan, 
gold  can  still  be  panned  from  the  grass  roots,  near  the  creek. 
It  will  be  shown  later  that  the  sapa  Biniakdan  was  probably  the 
main  Santa  Maria  River  which  was  flowing  westward  from 
the  high  Sierra  Madre  Mountains  during  Pliocene  times,  that 
is,  during  the  deposition  of  the  Alat  Conglomerate,  and  was  one 
of  the  main  transportation  agents  of  the  gold  and  platinum  now 
found  in  the  Conglomerate. 

CHARACTER  OF  THE  GOLD 

The  gold  found  in  Santa  Maria  River  and  in  the  other  creeks 
mentioned  above  occurs  as  thin  flakes,  no  matter  how  small  the 
particle.  The  size  varies  from  a  small  pinhead  to  a  housefly's 
wing.  The  platinum  occurs  in  similar  form.  In  one  particle 
the  gold  and  platinum  occurred  together,  and  not  merely  pound- 
ed together,  suggesting  an  ore  up  in  the  Sierra  Madres  in  which 
gold  and  platinum  occur  together. 

To  the  flakiness  of  the  gold  and  platinum  is  attributed  their 
concentration  near  the  surface.  During  flood  times  the  river 
bed  is  stirred  up  and  the  sands  settle  before  do  the  gold  flakes, 
which  swing  back  and  forth  in  the  water,  before  settling.  Af- 
ter the  floods  many  people  pan  the  creeks  until  the  good  values 
along  the  surface  are  exhausted. 

At  Tiakad,  mentioned  above,  the  gold  is  not  so  flaky,  but  is  a 
little  coarser  and  more  rounded. 

ULTIMATE  SOURCE  OF  THE  GOLD  AND  PLATINUM 

To  understand  the  ultimate  source  of  the  values,  it  is  neces- 
sary to  consider  the  geological  events  which  happened  during 
Miocene  times  and  from  then  up  to  the  present,  as  well  as  to 
have  an  idea  of  the  Miocene  topography  and  the  topographic 
changes  that  have  taken  place  up  to  the  present  time. 

In  a  previous  paper  ^  the  pre-lava-flow  topography  of  the 
area  east  of  the  Alat  Conglomerate  in  Bulacan  Province  is  dis- 

^Alvir,  A.  D.     Ibid.  pp.  387,  388. 


75, 3        Alvir:  Placer  Gold  in  Santa  Maria  River,  Bulacan       281 

cussed.  At  that  time  there  were  clear-cut,  regular,  straight 
ridges  trending  between  north-south  and  north  15°  east.  Lime- 
stone capped  these  prominent  ridges,  and  shale  and  sandstones 
were  probably  preserved  in  the  valleys-  The  streams  flowed  to 
the  south  following  the  depressions,  and  undoubtedly  there  were 
water  gaps  across  some  of  the  ridges,  because  the  general  slope 
of  the  area  was  to  the  west.  The  upper  course  of  Angat  River 
is  in  basement  complex  rocks  which  were  not  covered  by  the 
Miocene  lava  flows,  so  that  its  present  upper  course  is  the  reg- 
ular development  from  its  pre-lava  flow  bed.  The  upper  Angat 
River  tributaries  follow  north  and  south  courses  in  general. 
Angat  River  might  have  been  flowing  southward  in  a  north- 
south  depression  along  the  lower  course  of  Ipo  River,  through 
the  present  Mariquina  Valley,  emptying  into  a  former  and 
greater  Manila  Bay,  and  Mariquina  River  may  have  been  one 
of  its  branches. 

The  Miocene  lava  flows  overran  this  area  and  all  but  drowned 
it,  a  few  limestone  ridges  and  peaks  surviving  the  flood,  being 
higher  than  the  lava  flows.  To  the  west,  a  limestone  ridge 
hemmed  in  the  lava  flow,  but  to  the  southwest  and  south  the 
flow  deployed.  After  the  lava  flows,  therefore,  there  was  a 
lava  plateau  which  had  a  natural  slope  to  the  west  and  south- 
west. We  would  naturally  expect  the  drainage  to  flow  to  the 
west  and  southwest  from  the  high  Sierra  Madre  Mountains. 

The  Pliocene  was  ushered  in  by  a  general  submergence  in  the 
Philippines,  so  that  the  Central  Plains  of  Luzon  were  occupied 
by  an  inland  sea.  It  was  during  this  time  that  the  basal  Alat 
Conglomerates  were  deposited  by  the  rivers  coming  from  the 
Sierra  Madre  and  flowing  westwardly  and  southwestwardly  over 
the  lava  plateau  into  the  inland  sea.  These  rivers,  which  brought 
down  materials  from  the  Sierra  Madre  Mountains,  also  brought 
down  some  gold  and  platinum,  especially  from  the  region  in  and 
around  Angilo  Mountains,  and  Umirey  River,  which  we  know 
is  mineralized.  This  region  should  also  be  prospected  for  plati- 
num. 

The  gold  and  platinum  grains  were  incessantly  pounded  at 
the  beach  by  the  littoral  conglomerate  motivated  by  wave  ac- 
tion, thus  resulting  in  gold  and  platinum  flakes,  instead  of 
rounded  grains. 

The  lower  course  of  Angat  River  was  developed  after  the  lava 
flow  and  probably  captured  its  upper  courses.  Its  short  tri- 
butaries between  Ipo  and  Norzagaray  show  poor  or  recent  de- 
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velopment.  The  peculiarity  of  the  course  of  Ipo  River  is  very 
significant.  Its  upper  course  flows  westward,  in  line  with  Sapa 
Biniakdan,  a  branch  of  Santa  Maria  River.  This  is  clearly  a 
case  of  stream  piracy,  whereby  a  branch  of  the  Angat  River, 
the  lower  course  of  Ipo  River,  cut  off  the  upper  course  of  Ipo 
River  from  Sapa  Biniakdan.  Post-Pliocene  faulting  and  later 
development  and  adjustment  of  drainage  has  given  us  the  pres- 
ent pattern,  one  in  which  the  arteries  which  supplied  gold  and 
platinum  to  the  Alat  Conglomerate,  have  been  cut  off,  except 
the  Angat  and  Mariquina  River  systems. 

THE  CASE  OP  PAPAYA,  NUEVA  ECIJA  PROVINCE 

Samples  of  placer  gold  have  been  submitted  to  the  writer  from 
Papaya,  Nueva  Ecija  Province.  The  writer  has  never  been  to 
Papaya,  but  the  similarity  of  the  gold  flakes,  the  presence  of 
platinum  flakes,  and  the  similarity  in  topographic  position  lead 
him  to  believe  that  the  origin  and  history  of  the  Papaya  placer 
deposits  are  very  much  the  same  as  those  of  Santa  Maria,  Bula- 
can,  and  that  the  basal  Pliocene  Alat  Conglomerates  are  present 
in  Papaya. 


ILLUSTRATION 

Plate  1 
Aerial  geologic  map  of  the  Angat-Novaliches  region. 
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PRELIMINARY  NOTES  ON  A  TREMATODE  WITH  TWO 

YOLK  RESERVOIRS  AND  A  NEW  SPECIES 

OF  LECITHOCHIRIUM 

By  Sergio  P.  Acena 
Of  the  University  of  Washington,  Seattle 

TWO  PLATES 

The  present  study  is  a  continuation  of  an  investigation  started 
by  myself  on  the  parasitic  fauna  of  the  Puget  Sound  collections 
from  the  Oceanographic  Laboratories  at  Friday  Harbor,  Wash- 
ington, during  the  summer  of  1938.  One  of  the  hosts,  Sebastodes 
elongatus  Ayres,  was  caught  in  the  vicinity  of  the  Laboratory 
float;  the  other  host,  Sebastodes  ruberrimus  Cramer,  was  taken 
east  of  San  Juan  Island.  The  trematodes  harbored  by  these 
fishes  were  found  to  belong  to  rather  widely  separated  families, 
Opecoelidse  Ozaki  (1925)  and  Hemiuridse  Liihe  (1901),  respec- 
tively. I  wish  to  acknowledge  here  my  obligation  to  Dr.  John 
Guberlet  for  his  kindly  assistance  and  for  the  use  of  his  library; 
and  to  Miss  Edna  Lou  Grout  for  assistance  on  the  drawings. 

Family  OPECOELID^  Ozaki 

Two  mature  specimens  of  this  fluke  were  taken  from  the  mu- 
cosa of  the  rectal  portion  of  the  intestine  of  a  rook  cod,  Sebas- 
todes elongatus  Ayres,  collected  below  the  Cantilever  pier  at  the 
Oceanographic  Laboratories,  Friday  Harbor,  Washington,  July 
17,  1938.  They  differ  from  the  already  known  members  of  the 
family  Opecoelidae  in  having  two  yolk  reservoirs  and  in  the  com- 
plete inclosure  of  the  seminal  vesicle  within  the  cirrus  sac.  They 
are  therefore  placed  in  a  new  genus,  for  which  the  name  Dideu- 
tosaccus  is  proposed. 

Body  small,  elongate,  flattened,  tapering  towards  anterior  end, 
3.5  to  4  mm  long  and  0.45  to  0.5  mm  in  maximum  width  across 
anterior  testis.  Cutile  fairly  thick,  smooth,  and  thrown  into 
folds  in  contracted  specimens.  Preacetabular  region  0.4  to  0.45 
mm.  Postacetabular  region  2  to  2.5  mm.  Posttesticular  re- 
gion 0.62  mm.  Suckers  small ;  ventral  sucker  twice  as  large  as 
oral.    Oral  sucker  subterminal,  0.15  by  0.14  mm.    Ventral  suc- 
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ker  sessile,  almost  ovate,  0.36  by  0.27  mm.  Prepharynx  absent ; 
pharynx  somewhat  fusiform,  muscular,  0.015  by  0.007  mm. 
(Esophagus  short,  0.006  by  0.002  mm.  Intestinal  crura  simple, 
without  lateral  branches,  uniting  at  posterior  end  to  open  on 
ventral  surface  near  posterior  extremity. 

Excretory  pore  terminal.  Excretory  vesicle  tubular,  running 
forward  through  testicular  region  to  about  posterior  margin  of 
anterior  testis.  Two  fine  branches  arising  from  the  rather  en- 
larged anterior  end. 

Testes  almost  ovate,  one  behind  the  other  on  the  median  line ; 
posterior  testes  larger  than  anterior  organ.  Anterior  testis  0.19 
by  0.27  mm.  Posterior  testis  0.28  by  0.26  mm.  Seminal  recep- 
tacle anterodorsal  to  ovary,  short-ovate,  cirrus  small,  muscular 
and  pyriform,  0.06  by  0.04  mm,  inclosing  elongate,  tortuous  se- 
minal vesicle  and  pars  prostatica.  External  seminal  vesicle  ab- 
sent. Genital  pore  sinistral,  at  level  of  pharyngooesophageal 
junction. 

Ovary  ovate,  median,  overlapping  anteroventral  surface  of  an- 
terior testis,  0.11  by  0.24  mm.  Two  oblong  yolk  reservoirs 
present,  one  on  each  side  of  anterior  border  of  ovary.  Cotype 
and  Mehlis  glands  anterior  to  ovary,  between  yolk  reservoirs. 
Uterine  coils  intercsecal,  between  shell  gland  and  acetabulum. 
Metraterm  short  and  muscular.  Laurer's  canal  present.  Eggs 
0.07  by  0.03  mm.  Vitelline  follicles  extending  from  behind 
posterior  margin  of  acetabulum  to  posterior  extremity  of  the 
body  and  uniting  behind  testis. 

Host, — Sebastodes  elongatus  Ayres. 

Location. — Rectum. 

Locality. — Friday  Harbor,  Washington. 

Type  species. — ^Acena  Helminthological  collection  No.  34. 

Genus  DIDEUTOSACCUS  novum 

Opecoelidse:  Body  elongate,  tapering  towards  anterior  end. 
Cuticle  smooth.  Acetabulum  sessile,  larger  than  oral  sucker, 
at  posterior  portion  of  first  fourth  of  body  length.  (Esophagus 
very  short.  Genital  pore  sinistral,  at  level  of  pharyngooesopha- 
geal junction.  Cirrus  sac  small,  pyriform,  inclosing  long  tor- 
tuous seminal  vesicle  and  prostate.  External  seminal  vesicle 
absent.  Testes  tandem,  postovarial,  postequatorial.  Ovary 
ovate,  immediately  anterior  to  testes.  Seminal  receptacle  ante- 
rodorsal to  ovary.  Vitellaria  in  small  follicles,  extending  from 
behind  ventral  sucker  to  posterior  end  of  body.  TWo  yolk  re- 
servoirs present,  anterodorsal  to  ovary,  united  mesially  by  a 
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common  duct.     Eggs  fairly  large,   not  numerous.     Intestinal 
parasites  of  marine  fish. 

Type  species. — Dideutosaccus  radifistuli  sp.  nov. 

HEMIURID^ 

LECITHOCHIRIUM  MEDIUS  sp.  nov.     Plate  2. 

Six  worms  of  this  species  were  found  in  the  stomach  of  a  red 
snapper,  Sebastodes  ruberrimus  Cramer,  taken  at  Friday  Har- 
bor, Washington,  from  about  70  feet  of  water  east  of  San  Juan 
Island. 

Liihe  (1901)  established  the  genus  Lecithochirium  with  Le- 
cithochirium  rufovirida  (Rudophi)  as  the  type  species.  A  dis- 
tinct feature  separating  Lecithochirium  from  the  very  similar 
genus,  Sterrhurus  Looss  (1907),  is  the  presence  of  a  preso- 
matic  pit  with  an  underlying  cell  pad.  The  genus  also  includes 
L.  gravidum  Looss,  L.  excisum  Rudolphi,  L.  excisiforme  Cohn, 
L.  synodi  Manter,  L.  psenopsis  Yamaguti,  L.  magnacetabulum 
Yamaguti,  L.  pagrosomi  Yamaguti,  L.  japonicum  Yamaguti,  and 
L.  exodicum  MacFarlane. 

Body  with  tail  appendage  either  wholly  or  partly  retracted, 
2.5  to  3  by  0.65  to  0.74  mm,  widest  at  level  of  posterior  half  of 
acetabulum.  Outicula  smooth.  Appendage  with  rings.  Pre- 
acetabular  region  0.65  mm.  Posttesticular  region,  0.45  mm. 
Ventral  sucker  sessile,  equatorial,  about  two  and  one  half  times 
size  of  oral  sucker.  Oral  sucker  without  internal  elevations. 
Preacetabular  pit  median,  with  pads  of  cells  underlying  it. 
Pharynx  present,  elliptical.  (Esophagus  very  short.  Intes- 
tinal cseca  simple,  not  extending  into  tail  appendage.  Excretory 
pore  terminal  in  tail  appendage.  Excretory  vesicle  V-shaped. 
Genital  pore  sinistral,  at  level  of  pharyngooesophageal  junction. 
Testes,  ovary,  and  vitellaria  characteristic  of  the  genus.  Semi- 
nal vesicle  greatly  convoluted,  leading  directly  into  the  pyriform 
pars  prostatica.  Seminal  vesicle  reaching  posteriorly  to  about 
midportion  of  ventral  sucker.  Cirrus  sac  small,  muscular,  pyri- 
form. Ovary  elliptical,  0,22  by  0.12  mm,  behind  and  in  contact 
with  posterior  testis.  Vitellaria  compact ;  lobes  rounded.  Yolk 
reservoir  present,  small,  ovate,  0.08  by  0.01  mm,  posterodorsal 
to  ovary  and  between  vitellaria.  Uterus  never  entering  tail  ap- 
pendage. Metraterm  muscular,  long.  Laurer's  canal  present. 
Eggs  numerous,  small,  0.03  by  0.01  mm. 

Host. — Sebastodes  ruberrimus  Cramer. 

Location. — ^Stomach. 
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Locality. — East  of  San  Juan  Island,  Washington. 

Type  species. — Acena  Helminthological  collection  No.  23. 

L.  medius  differs  from  L.  synodi  Manter  (1931)  and  from 
L.  microstomum  Chandler  (1935)  in  the  relative  ratio  of  the 
suckers  and  in  the  forms  of  the  seminal  vesicle  and  the  pars 
prostatica,  and  from  L.  exodicum  MacFarlane  (1936)  in  the 
size  of  the  eggs. 
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ILLUSTRATIONS 

[Legends:  an,  anus;  eg,  egg;  exp,  excretory  pore;  exv,  excretory  vesicle;  gp,  genital  pore; 
int,  intestine ;  Ic,  Laurer's  canal ;  m,  metraterm ;  ce,  esophagus ;  oomg,  ootype  and  Mehlis 
glands  ;  os,  oral  sucker  ;  ov,  ovary  ;  pap,  preacetabular  pit ;  par,  parenchyma  ;  ph,  pharynx  ; 
pr,  pars  prostatica ;  sr,  seminal  receptacle ;  ss,  sinus  sac ;  sv,  seminal  vesicle ;  t,  testes ; 
ut,  uterus  ;  vs,  ventral  sucker ;  vit,  vitelline  glands ;  yg,  yolk  glands ;  yr,  yolk  reservoir.] 

Plate  1 

Fig.  1.  Dideutosaccus  radifistuli  gen.   et  sp.  nov.;   whole  mount,  ventral 
view. 

2.  Semidiagrammatic  reconstruction  of  genital  complex  of  Dideuto- 

saccus radifistuli  sp.  nov. 

3.  Dideutosaccus  radifistuli  sp.  nov.     Reconstruction  of  the  terminal 

genital  ducts. 

Plate  2 

4.  Egg  of  Lecithochirium  Tnedius  sp.  nov. 

5.  Lecithochirium  medius  sp.  nov.;  whole  mount,  ventral  view. 

6.  Lecithochirium  medius  sp.  nov.,  reconstruction  of  terminal  genital 

tract. 

7.  Lecithochirium  medius  sp.  nov.,  reconstruction  of  genital  complex. 
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TYPES  OF  WATERCRAFT  IN  THE  PHILIPPINES 

By  RiCARDO  E.  Galang 

Of  the  Natural  History  Museum  Division 
Department  of  Agriculture  and  Commerce^  Manila 

THIRTEEN  PLATES 

The  geographical  structure  of  the  Philippines,  with  its  in- 
numerable navigable  rivers,  bays,  gulfs,  and  seas ;  the  difficulties 
of  land  transportation  in  the  rural  districts  during  seasons  of 
heavy  rainfall ;  the  temporary  character  of  the  roadbeds  and  the 
makeshift  bridges  which  are  often  carried  away  by  the  swollen 
streams;  the  lack  of  sufficient  funds  for  repairs  and  for  new 
construction  of  roads — all  these  conditions  favor  the  use  of  di- 
verse types  of  watercraft  in  the  Philippine  Archipelago.  Most 
of  the  watercraft  are  considered  native,  but  there  are  not  a  few 
foreign  types  which  have  proved  useful  in  the  Islands'  domestic 
as  well  as  foreign  trade.  Of  the  latter  types  the  steamships  and 
the  sailboats  stand  first  in  importance. 

The  boats  used  by  the  ancient  Filipinos  were  extraordinarily- 
large  and  carried  100  rowers  and  about  30  or  60  fighting  men. 
These  were  of  East  Indian  and  Oceanic  origin.  The  large  boats 
were  built  of  planks,  while  the  smaller  craft  were  simply  hewn- 
out  logs  and,  when  new,  absolutely  leak-proof.  All  but  the  small- 
est canoes  were  provided  with  outriggers — stout  bamboos  or 
light  logs  extending  parallel  with  the  hull  but  held  at  some  dis- 
tance from  it  by  a  bamboo  frame.  The  outriggers  prevented 
the  boat  from  capsizing.  Wooden  pegs  and  rattan  lashings  held 
the  parts  together.  On  the  larger  vessels,  generally  used  for 
fighting,  a  platform  raised  above  the  middle  length  of  the  hull 
supported  the  fighters,  and  an  awning  of  mats  protected  them 
from  the  heat  of  the  sun  and,  to  a  slight  extent,  shielded  them 
from  view  and  thus  from  the  arrows  and  spears  of  their  ene- 
mies. The  mast,  which  in  former  times  probably  consisted  of 
matting  of  buri  or  pandan  leaves,  could  be  lowered  or  raised  with 
the  sail.  Wide  paddles,  instead  of  rudders,  were  used  for  steer- 
ing. The  craft  was  very  shallow,  so  that  even  the  larger  boats 
could  be  drawn  up  on  shore  at  night.     With  such  vessels  the 
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Moros  long  practiced  piracy  and  contested  control  of  the  south- 
ern seas  and  islands  with  the  Spaniards. 

It  is  the  prime  object  of  this  paper  to  give  a  description  of  the 
different  types  of  watercraft  in  use  in  the  islands  since  the  time 
of  their  discovery.  The  list,  arranged  in  alphabetical  order  to 
give  facility  for  reference  to  those  who  are  interested  in  their 
study,  includes  a  few  obsolete  types  which  have  ceased  to  be 
useful  as  means  of  water  transportation. 

Almadia  (almadie),^ — ^A  small  native  fishing  boat  mentioned 
by  Antonio  Pigafetta  in  his  Primo  Viaggio  Intorno  Al  Mundo 
between  1519  and  1522.  The  name  is  derived  from  the  Spanish 
word  almadia,  a  sort  of  canoe  used  by  the  inhabitants  of  the 
East  Indies.  It  also  refers  to  a  boat  used  by  the  Portuguese  and 
their  slaves  in  the  East  Indies.     Used  in  crossing  rivers. 

Balandra  (sloop)  .^ — ^A  coasting  or  light  sailing  vessel  with  one 
mast.  Mentioned  by  Jesuit  Father  Juan  de  Zarzuela  June  19, 
1691,  in  Extracts  from  Jesuit  Letters. 

Balsa  (raft) . — A  floating  platform,  usually  composed  of  wood- 
en logs,  planks,  or  bamboos,  or  the  like,  fastened  together  by 
nails,  spikes,  cordage,  or  rattan,  and  used  for  the  carriage  of 
goods  and  passengers.  Logs  and  bamboos  transported  to  the 
market  are  often  made  into  rafts  to  facilitate  their  transporta- 
tion. In  all  probability  the  balsa  was  the  first  man-made  device 
for  travel  on  water.  Balsas  have  been  in  use  by  all  peoples 
since  prehistoric  times.  Common  at  present  in  Abra,  Batangas, 
Isabela,  and  other  provinces.     (Plate  1,  figs.  1  and  2.) 

Banca  (vanca).^ — A  kind  of  Philippine  canoe,  made  from  a 
hollowed  tree  trunk,  like  the  American  dugout.  Sometimes 
provided  with  outriggers  to  prevent  it  from  capsizing.  Often 
roofed  with  thinly  split  bamboos  and  trestlework  of  buri  or  nipa 
leaves,  called  carang  in  Pampangan.  In  use  up  to  the  present, 
principally  in  navigable  rivers,  lakes,  and  creeks,  and  to  some 
extent  in  bays  or  gulfs,  for  fishing  or  for  the  transportation  of 
goods  from  one  place  to  another.  Common  in  Pampanga,  Bula- 
can  and  other  Provinces,  and  in  Manila.     (Plate  2,  figs.  1  and  2.) 

Bancon^ — ^A  boat  with  three  oars  on  each  side  of  the  hull.  Of 
Chinese  origin.     Said  to  be  used  by  the  Chinese  in  minor  depre- 

^  Blair,  Helen  Emma,  and  James  Alexander  Robertson.     The  Philippine 
Islands  1493-1898  33   (1906)  213,  315. 
^Op.  cit.  41    (1906)  35. 
«0p.  cit.  4  (1903)  184. 
*0p.  cit.  25   (1905)  118. 
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dations  along  the  coasts  of  the  Philippines.  Appeared  in  the 
islands  sometime  in  1635-1636,  when  the  Portuguese  were  trad- 
ing at  Manila. 

Barangay  {balanghai,  balanguai,  barangaye)  .^ — The  most  pri- 
mitive and  the  most  characteristic  boat  in  the  Philippines.  De- 
scribed by  historical  writers  as  ''a  sharp  slender  craft,  pointed  at 
both  ends,  and  put  together  with  wooden  nails  and  pegs.''  Pro- 
pelled by  oars  and  sails.  The  name  of  this  boat  was  later  taken 
to  mean  a  group  or  social  organization  composed  of  a  family  or 
a  group  of  families  known  as  bar ang ayes;  thus  was  preserved 
the  remembrance  of  the  conveyance  by  which  their  forefathers 
reached  the  Islands.  As  the  various  families  came  hither,  each 
in  its  own  barangay — all  during  the  voyage  under  the  command 
of  a  cabeza  (a  head  captain  or  pilot) — the  land  was  partitioned 
among  them,  subject  to  their  respective  cabezas  (later  known 
as  datus  or  maguinoos)  who  directed  them  on  the  sea.  The 
barangay  was  used  between  1576  and  1582,  during  the  expe- 
dition to  Borneo,  Jolo,  and  Mindanao.  Particularly  common  in 
Cagayan  and  Isabela.     (Plate  4,  fig.  1.) 

Barca  chata,^ — A  flat-bottomed  boat  capable  of  carrying  heavy 
loads.  Generally  used  for  artillery.  Mentioned  by  Antonio  de 
Morga  in  his  Sucesos  in  1609. 

BarcoluengoJ — An  oblong  boat  with  a  round  bow,  its  only 
mast  being  in  the  center.  Usually  provided  with  sailors,  sol- 
diers, ammunition,  and  provisions  necessary  for  at  least  a  year's 
voyage,  and  a  cosmographer,  skillful  in  geometrical  tables,  for 
accurate  recording  on  map  or  chart  of  new  discoveries.  Used  in 
establishing  a  way  station  for  Philippine  vessels  on  the  Cali- 
fornia coast,  in  1605-1609. 

Bark  (barca), ^ — Formerly  a  small  sailing  vessel,  as  a  pinnace 
or  fishing  smack.  Also  a  rowboat,  or  a  three-masted  vessel, 
having  foremast  and  mainmast  square-rigged,  and  mizzenmast 
fore-and-aft  rigged.  Mentioned  in  The  Agustinians  in  the 
Philippines,  1670-1694. 

Baroto  (baloto,  boloto).^ — A  sort  of  dugout  used  mainly  as  a 
lighter,  for  unloading  larger  vessels.  Sometimes  more  than  80 
feet  long.  This  type  of  vessel  was  used  by  Governor  Francisco 
de  Sande  in  his  expedition  to  Borneo,  Jolo,  and  Mindanao  in 
1576-1582.  Common  in  Capiz,  Cebu,  Surigao,  Ilocos  Sur,  and 
Tayabas  Provinces. 

^Op.  cit.  4  (1903)  184.  « Op.  cit.  42  (1906)  118. 

^Op.  cit.  16  (1904)  50.  « Op.  cit.  4  (1903)  197. 

"Op.  cit.  14  (1904)  183. 
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BateU^ — ^A  type  of  vessel  provided  with  sails,  oars,  and  a  rud- 
der. Used  in  navigable  rivers  and  quiet  seas.  Generally  loaded 
with  goods  and  merchandise.  This  type  of  vessel  is  commonly 
used  in  Batangas  and  Tayabas  Provinces. 

Bigniday  (biguiday,  biniray).^^ — A  vessel  resembling  a  prao, 
a  large  banca,  or  the  binitan.  Mentioned  by  Antonio  Pigafetta 
in  his  Primo  Viaggio  Intorno  Al  Mundo  (1519-1522). 

BilegM — A  native  boat  in  Ilocos  Norte  Province,  used  at  sea. 
It  is  similar  to  the  virey. 

Bilis  (bilus).^^ — A  baloto  (canoe  dug  out  of  a  single  log),  20 
varias  ^^  long.  Its  hull  alone  is  called  daldmas.  Mentioned  by 
Antonio  Pigafetta  in  his  Primo  Viaggio  Intorno  Al  Mundo 
(1519-1522). 

Binitan.^^ — Formerly  made  by  the  people  of  Catanduanes. 
For  more  detailed  description  see  viroco. 

Brigantine.^^ — ^A  piratical  vessel  or  any  light  swift  vessel  used 
in  the  Mediterranean  and  the  Levant.  Also  a  two-masted, 
square-rigged  vessel,  differing  from  a  brig  in  that  she  does  not 
carry  a  square  mainsail.  Mentioned  in  the  Expedition  of  Mi- 
guel Lopez  de  Legaspi  (1521-1569). 

Canoa  (canoe)  .^'^ — ^A  dugout  scooped  out  of  a  single  tree  trunk 
and  holding  one  or  two  persons.  Mentioned  in  De  Moluccis 
Insulis  (1493-1529).     Common  in  most  islands. 

Canonero  (gunboat)  .^® — A  light  steam  vessel  with  a  steel  hull 
and  of  20  to  30  horse  power,  constructed  in  England  for  the 
Spaniards  for  use  against  the  Moro  pirates.  Very  effective  in 
reducing  Moro  piracy  in  Lake  Lanao  district,  Mindanao,  and 
in  adjacent  islands  in  1670-1700.  Mentioned  in  Jolo  and  the 
Sulus  from  Charles  Wilke's  Narrative  of  the  United  States  Ex- 
ploring Expedition. 

'°0p.  cit.  19  (1904)  60. 

"  Op.  cit.  33  (1906)  239. 

"Census  of  the  Philippine  Islands:  1903.    4  (1905)  589. 

"Blair,  Helen  Emma,  and  James  Alexander  Robertson.  The  Philippine 
Islands  1493-1898.     30  (1906)  343. 

"One  vara  equals  0.85  meter. 

=^0p.  cit.  16  (1904)  107. 

"Webster  New  International  Dictionary  of  the  English  Language  (1938) 
336. 

"Blair,  Helen  Emma,  and  James  Alexander  Robertson.  The  Philippine 
Islands  1493-1898.     1   (1903)  322. 

"  Op.  cit.  43  (1906)  185. 
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Caracoa  (carcoa)  .^^ — A  large  canoe  used  by  the  Malays.  Pro- 
vided with  two  rows  of  oars,  very  light,  and  fitted  with  a 
European  sail,  its  rigging  of  native  manufacture.  Mentioned 
in  the  Negotiations  between  Legaspi  and  Gonzalo  Pereira, 
Commander-in-chief,  regarding  the  Spanish  settlement  at  Cebu 
sometime  in  1568-1569. 

Carangail?^ — A  vessel  of  the  Moro  pirates  which  attacked 
the  Spaniards  at  Jolo,  and  plundered  the  Pintados  (Bisayans) 
at  Oton,  Cebu.  Mentioned  in  Pintados  Menaced  by  Mindanao 
Pirates   (1599-1602). 

Caravel  {carahela)?^ — A  small  vessel  of  the  15th  and  16th 
centuries  with  broad  bow,  high,  narrow  poop,  three  or  four 
masts,  and  usually  lateen  sails  on  the  two  or  three  aftermasts, 
Columbus  had  two  caravels  with  him  on  his  great  voyage.  The 
name  also  refers  to  a  Portuguese  vessel  of  100  or  150  tons. 
Mentioned  in  the  Treaty  of  Tordesillas  in  1493-1529. 

Casco?^ — ^A  long  almost  rectangular  barge  or  lighter,  some- 
times with  sails.  Principally  used  for  loading  merchandise. 
Very  common  in  the  islands.     (Plate  4,  fig.  2.) 

Chalana  (scow).^^ — ^A  large  flat-bottomed  boat,  having  broad, 
square  ends,  chiefly  used  as  a  lighter  or  for  transporting  refuse 
to  its  place  of  disposal.  Found  mostly  in  Manila,  Cavite,  and 
Olongapo.     (Plate  5,  fig.  2.) 

Chalupa  (shallop)  .^^ — A  light,  open  boat  used  chiefly  on  rivers. 
Propelled  by  oars  or  sails  or  by  both.  Usually  provided  with 
two  masts  carrying  fore-and-aft  sails  or  lugsails.  It  appeared 
in  the  Philippines  in  1521-1569. 

Champan  (sampan)  .^^ — A  Chinese  vessel  described  by  Retana 
as  being  "about  as  large  as  a  Spanish  patache,  but  inferior  to 
the  junks  of  the  Chinese.  It  is  used  by  the  Chinese  for  trading 
in  the  Filipinas  Islands."  The  term  is  now  applied  to  a  boat  12 
or  15  feet  long  in  which  a  family  often  makes  its  home  on  the 

'^Op.  cit.  2  (1903)  246. 

'•'Op.  cit.  11    (1904)  297. 

^Op.  cit.  1   (1903)  124-126. 

^Webster  New  International  Dictionary  of  the  English  Language  (1938) 
414. 

''  Op.  cit.  p.  445. 

^  Blair,  Helen  Emma,  and  James  Alexander  Robertson.  The  Philippine 
Islands  1493-1898.     11    (1904)   158. 

^  Op.  cit.  5  (1903)  194. 
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Canton  River.     Mentioned  in  Juan  Bautista  Roman's  letter  to 
the  Viceroy  in  1582-1583.     (Plate  6,  fig.  1.) 

Cho?^ — A  kind  of  craft  used  in  Philippine  waters,  the  sails  of 
which  are  made  of  rushes.  It  is  a  weak  vessel,  plying  in  China 
Sea,  usually  loaded  with  slaves,  pepper,  and  various  kinds  of 
cotton  cloth.     Used  in  1627. 

CriS'Craft  (speedboat), — A  very  fast  boat  made  of  planks 
propelled  by  a  motor  of  great  power.  It  is  used  only  in  sports 
and  for  pleasure  trips;  because  of  the  high  cost  of  construction 
and  maintenance  only  the  rich  can  afford  to  buy  it. 

Cutter. — A  broad  square-sterned  boat  for  carrying  stores  and 
passengers,  either  rowed,  sailed,  or  propelled  by  engines.  Also 
a  vessel  with  one  mast,  rigged  in  most  essentials  like  a  sloop, 
although  usually  with  a  reefing  bowsprit  and  topmast.  It  is 
narrower  and  deeper  than  a  typical  sloop.  At  present  the 
commonwealth  government  is  using  cutters  for  official  trips. 

Dapang. — A  swift  light  vessel  of  the  Samal  Moros  similar  to 
the  vinta  which  sails  in  and  out  of  the  hundreds  of  reefs  and 
islands  composing  the  Sulu  Group. 

Falua  (faluca,  felucca)  .^^ — ^A  small,  open  boat,  or  a  long  boat 
with  oars.  Also  a  narrow,  fast,  lateen-rigged  vessel,  commonly 
three-masted,  chiefly  used  in  the  Mediterranean.  It  is  usually 
low  with  an  awning  in  place  of  an  upper  deck,  and  with  provi- 
sion for  the  use  of  oars  when  necessary.  Mentioned  by  Father 
Francisco  Mastrili  in  the  Conquest  of  Mindanao  in  1636-1637. 
(Plate  7,  fig.  1.) 

Ferryboat  (passage  boat). — A  vessel  for  conveying  passen- 
gers, merchandise,  and  other  cargo  across  a  river  or  other  nar- 
row bodies  of  water.  Also  a  boat  which  carries  passengers 
from  Manila  to  the  port  of  Cavite  (Plate  6,  fig.  2). 

Filipote  (flyboat)  .^^—Formerly  a  large  flat-bottom  coasting 
vessel  or  a  round  sailing  vessel.  Now  a  kind  of  fast  passenger 
or  freight  boat  used  on  canals  in  England.  Mentioned  in  For- 
mosa Lost  to  Spain  1640-1649. 

Fisolere  (fucelere,  fusiniere)  .^^ — A  small  and  very  swift  oared 
vessel,  used  in  winter  on  the  Venetian  lakes  by  the  Venetian 
nobles  for  hunting  with  bows  and  arrows  and  guns.  Mentioned 
by  Antonio  Pigafetta  in  his  Primo  Viaggio  Intoro  Al  Mundo 
1519-1522. 

^Op.  cit.  22  (1904)  186.  '^  Op.  cit.  35   (1906)  135. 

^'^Op.  cit.  27   (1905)  256.  ''Op.  cit.  33   (1906)  232. 
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Fragata  (f  rig  ate). ^^ — ^A  light  vessel  propelled  by  sails  and 
oars.  Supplied  with  men  and  provisions.  Mentioned  in  the  Ac- 
count of  Expedition  to  Borneo  and  Jolo,  Mindanao  (1576-1582). 

Funea,^^ — From  the  Japanese  fune  which  means  *boat.'  This 
may  be  etymologically  equivalent  to  the  English  word  'funny'  a 
small,  clinker-built,  narrow  rowboat.  Mentioned  in  Morga's 
Sucesos  de  las  Islas  Filipinas  in  1609. 

Fusta.^^ — A  small  vessel  with  lateen  sails.  During  the  expedi- 
tion of  Ruy  Lopez  de  Villalobos  in  1521  this  type  of  vessel  was 
equipped  with  ammunitions,  artillery,  weapons,  and  provisions, 

Gabarra  (barge)  .^^ — A  roomy  boat,  usually  flat-bottomed,  used 
principally  in  harbors  and  on  rivers  and  canals  for  the  convey- 
ance of  passengers  or  goods.  The  name  also  refers  to  a  pleasure 
boat  elegantly  furnished.  Mentioned  in  Relation  to  Events  in 
the  Filipinas  Islands  1629-1630. 

Galizabra,^'^ — A  vessel  with  lateen-rigged  sails,  used  in  the 
Levant  trade.  Its  name  is  of  Arabic  origin.  Mentioned  in  Mi- 
litary affairs  of  the  Islands  (1597-1599). 

Galleon.^^ — A  huge,  round-stemmed,  clumsy  vessel  with  bul- 
warks 3  to  4  feet  thick  and  built  up  at  stem  and  stern  like  castles. 
Also  a  sailing  vessel  of  the  15th  and  following  centuries.  Often 
having  3  or  4  decks,  and  used  for  war  or  for  commerce  by  the 
Spaniards  as  treasure  ships  in  their  American  trade  (particularly 
between  Mexico  and  Manila).  Usually  of  from  1,200  to  1,500 
tons  burden,  and  carrying  50  to  60  guns.  The  latter,  however, 
for  lack  of  space,  were  generally  banished  to  the  hold  during  the 
eastward  voyage.  Homeward,  with  plenty  of  space  to  spare, 
the  guns  were  remounted.  The  galleons  by  instruction  wore  the 
royal  flag,  although  some  were  put  under  foreign  colors.  The 
officers  were  commissioned  and  uniformed  like  the  officers  of 
the  Spanish  navy,  and  the  ships  were  under  the  same  regulation 
and  discipline.  Mentioned  in  the  Historical  Introduction  of  the 
Philippine  Islands  by  Edward  Gaylord  Bourne  1493-1529  (Plate 
7,  fig.  2). 

««0p.  cit.  4  (1903)  156. 
^^Op.  cit.  15   (1904)  118. 
^'Op.  cit.  2  (1903)  60. 
^  Op.  cit.  23  (1904)  89. 
«*0p.  cit.  10  (1904)  213. 

^Grsiigy  Austin.  The  former  Philippines  through  foreign  eyes  (1931) 
64. 
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Galley  (galera),^^ — A  large,  low,  usually  one-decked  vessel, 
propelled  by  both  oars  and  sails,  used  through  the  Middle  Ages, 
especially  in  the  Mediterranean,  for  war,  trading,  ceremonial, 
and  pleasure  purposes.  The  typical  war  galley  of  the  Mediter- 
ranean was  from  100  to  200  feet  long,  often  having  20  oars  on 
each  side  with  two  or  three  rowers  to  each  oar.  It  had  2  or  3 
masts  rigged  with  lateen  sails,  carried  guns  at  prow  and  stern 
and  a  complement  of  as  many  as  1,000  to  1,200  men.  Very  effi- 
cient in  Mediaeval  warfare.  This  type  of  vessel  was  mentioned 
in  the  Expedition  of  Villalobos  in  1521-1569. 

Garay.^'^ — An  ancient  sailboat  or  a  long  canoelike  boat  with 
two  outriggers  and  with  40  or  60  oars.  Used  by  the  Moro  pi- 
rates from  Sulu,  particularly  the  notorious  Balangingi  Samals. 
Equipped  with  lantacas,  spears,  krises,  and  barongs.  An  ex- 
pedition is  officered  by  the  following:  (a)  the  nakura,  who  is  the 
commander:  (6)  the  julmuri,  who  acts  as  first  mate,  in  charge 
of  the  crew  (sakay) ,  watches  the  boat  for  leakage,  and  controls 
the  rudder  (bausan) ;  (c)  the  julbato,  who  is  in  charge  of  the 
anchor  (sao) ,  guards  the  prow,  and  keeps  a  lookout  for  reefs, 
rocks,  and  enemy  ships.  The  booty  generally  consists  of  slaves, 
jewelry,  and  silver  and  gold  coins.  Slaves  and  goods  were  al- 
lotted in  kind,  or  sold  and  the  proceeds  divided  along  with  the 
money  booty.  Division  was  made  among  the  officers  and  crew 
according  to  rank  and  work  after  the  shares  of  the  sultan  and 
the  panglima  or  datu  has  been  set  aside.     (Plate  8,  fig.  1.) 

Goleta  (schooner)  .^^ — A  fore-and-aft  rigged  vessel  having  two 
masts,  with  the  smaller  sail  on  the  foremast,  and  mainmast 
stepped  nearly  amidship.  Mentioned  in  Remarks  on  the  Phil- 
ippine Islands,  and  on  their  Capital  Manila,  1819-1822.  (Plate 
8,  fig.  2.) 

Guildlas. — A  vessel  made  of  planks  used  in  navigable  rivers 
for  loading  merchandise.  Similar  to  the  casco  or  the  barangay. 
Formerly  common  in  some  parts  of  the  islands. 

Houseboat,^^ — A  covered  boat  used  as  a  dwelling.  Carved 
from  a  single  log  40  to  50  feet  long  and  6  feet  or  more  in  diam- 

^®  Blair,  Helen  Emma,  and  James  Alexander  Robertson.  The  Philippine 
Islands  1493-1898.     2  (1903)  49. 

^''Orosa,  Sixto  Y.     The  Sulu  Archipelago  and  its  people  (1931)   64. 

^Funk  &  Wagnairs  New  Standard  Dictionary  of  the  English  Language 
(1929)  1052. 

^®  Blair,  Helen  Emma,  and  James  Alexander  Robertson.  The  Philippine 
Islands  1493-1898.     17   (1904)  264. 
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eter.  Usually  a  large  flat-bottomed  boat  with  a  superstructure 
much  like  a  house.  Used  for  cruising  along  quiet  waters  on  sea 
or  rivers.  Mentioned  in  Portuguese  and  Spanish  Expedition 
Against  the  Dutch,  1615.  Common  also  in  southern  waters. 
(Plate  9,  fig.  1.) 

Jangua,^^ — A  small,  armed  vessel  like  a  raft.  Mentioned  in 
the  Conquest  of  the  Molucas  Islands  by  Bartolome  Leonardo 
Argensola  in  1609. 

Joanga  (juanga)  J^ — A  flatboat.  According  to  Retana  and 
Pastells  the  name  is  derived  from  the  Chinese  word  chun,  which 
means  'boat'.  Regarded  as  a  small  junk.  Mentioned  in  Morgans 
Sucesos,  1609. 

Junk  (junco),^'^ — A  characteristic  Chinese  vessel  having  as 
common  features,  bluff  lines,  very  high  poop  and  overhanging 
stem,  little  or  no  keel,  and  polemasts,  usually  very  high,  carrying 
lugsails  or  round  sails  woven  out  of  palm  fibers  with  battens 
running  entirely  across.  The  leech  of  the  lug  is  often  much 
curved  and  the  rudder  usually  drops  below  the  keel.  Impelled 
by  the  wind  only  when  it  blows  directly  fore-and-aft.  Men- 
tioned in  De  Moluccis  Insulis.  Common  in  the  islands  in  1493- 
1529.     (Plate  9,  fig.  2.) 

Knrikanan, — A  small,  swift,  and  very  light  fishing  boat, 
usually  paddled  by  one  or  two  men.  Furnished  with  outriggers 
and  sail.     Common  in  Batangas  and  Mindoro. 

Lampitaw^^ — A  small  boat  still  in  use  in  the  Philippines.  Ac- 
cording to  Rizal,  the  word  lopis,  another  type  of  boat,  is  a  trans- 
formation of  the  Tagal  word  lampitaw.  Mentioned  in  Morga's 
Sucesos  de  las  Islas  Filipinas  in  1609. 

Lancan.^^ — A  type  of  boat  usel  by  the  ancient  Christian  Fili- 
pinos in  Mindanao.  Similar  to  the  prao  or  parao  and  used  in 
rivers  and  bays.  Mentioned  in  a  letter  written  by  Father  Pablo 
Pastells  to  the  Father  Provincial,  Juan  CapelL,  S.  J.,  in  1887. 

Lancha  {launch)  ^^ — A  small  vessel  navigated  with  sails  and 
oars;  or  an  open  undecked  boat  of  any  size  driven  by  steam  or 
other  power,  used  as  a  pleasure  craft  or  for  carrying  passengers 
short  distances.  Common  in  Manila,  Sorsogon,  and  Samar. 
Used  in  establishing  a  way  station  for  Philippine  vessels  on  the 
California  Coast  in  1605-1609. 

*«0p.  cit.  14   (1904)  238.  "'Op.  cit.  15  (1904)  90. 

^'Tom.  cit.  54.  ""Op.  cit.  43   (1906)  273. 

"'Op.  cit.  1    (1903)  305.  "'Op.  cit.  14  (1904)  183. 
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Lapis^^—^A  roomy  vessel  used  to  carry  merchandise.  For 
a  more  detailed  description  see  tapaque. 

Lipa^'^ — A  passenger  boat  of  the  Mohammedan  Moros,  made 
at  the  Tawitawi  Islands.  It  is  usually  longer  and  slower  than 
the  other  Moro  boats  and  constructed  without  outriggers.  It 
is  built  up  from  canoes  by  the  addition  of  planks  upon  the  sides. 

Longboat.^^ — A  large  boat  carried  by  a  merchant  sailing  ves- 
sel, corresponding  to  the  sailing  launch  of  a  naval  vessel.  Men- 
tioned in  the  Affairs  in  Filipinas  in  1644-1647. 

Lorcha,^^ — A  Chinese  vessel,  lighter  and  swifter  than  the  junk, 
using  oars  and  sails.  Mentioned  in  Morga's  Sucesos  de  las  Is- 
las  Filipinas  in  1609.  Common  in  Capiz,  Cebu,  Sorsogon,  and 
Leyte, 

Lunday  (lunde). — ^A  banca  or  dugout  without  outriggers. 
Used  in  fishing  and  for  passenger  transportation  without  cargo. 
Very  common  in  the  islands. 

Mangcuerna.^^ — A  vessel  used  chiefly  in  transporting  mer- 
chandise in  La  Union  Province.  Used  on  quiet  seas  and  navig- 
able rivers.     Propelled  by  oars  only. 

Mosca.^^ — ^A  French  vessel  which  had  been  captured  by  the 
parish  priest  of  Batangas,  Fray  Melchor  Fernandez,  together 
with  the  dispatches  carried  on  that  vessel.  Mentioned  in  Re- 
presentation in  the  Spanish  Cortes,  1801-1840. 

Pailebote. — ^A  boat  in  which  pilots  cruise  offshore  to  meet  in- 
coming vessels.  It  is  usually  a  strong,  fast,  weatherly  boat, 
now  sometimes  using  steam.     Common  in  ports  of  call. 

Panco  (prao),^^ — A  vessel  of  the  Moro  pirates  with  extraor- 
dinary swiftness.  Made  of  planks  lashed  together  with  rattans, 
without  sail  or  any  other  ligature.  Its  masts  consisted  of  three 
bamboos,  its  rigging  of  a  few  pieces  of  rattan  or  the  bark  of 
trees,  its  sails  of  petates  or  mats,  called  saguran.  Some  of  those 
vessels  used  in  piratical  expeditions  were  large  and  fitted  out 
with  50,  100,  or  sometimes  200  men.  The  shots  of  their  scanty 
and  defective  artillery  were  very  uncertain,  because  they  gener- 

*'  Op.  cit.  9  (1904)  296. 

*^Orosa,  Sixto  Y.     The  Sulu  Archipelago  and  its  people  (1931)  16. 

*®  Blair,  Helen  Emma,  and  James  Alexander  Robertson.  The  Philippine 
Islands  1493-1898.     35   (1906)  262. 

**0p.  cit.  14  (1904)  57. 

"' Census  of  the  Philippine  Islands:  1903  (1905)  282. 

^^  Blair,  Helen  Emma,  and  James  Alexander  Robertson.  The  Philippine 
Islands  1493-1898.     51    (1907)  282. 

'"Op.  cit.  43   (1906)  273. 
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ally  carried  their  guns  suspended  on  slings.  These  men,  how- 
ever, were  dexterous  in  the  management  of  the  campilans.  Men- 
tioned in  the  Reforms  in  Filipinas  1801-1840. 

PayigueJ'^ — ^A  native  boat  particularly  used  in  rivers.  Men- 
tioned in  the  Ecclesiastical  Survey  of  the  Philippine  Islands  in 
1637-1638. 

Parcado. — A  large  Philippine  outrigger  with  two  masts  for 
sails.  Roofed  with  trestle  work  of  bamboo  and  buri  or  nipa 
leaves.  Common  in  Tayabas,  Mindoro,  and  Batangas.  (Plate 
10,  fig.  1.) 

Pilan,^"^ — A  small  boat  used  in  1638-1640,  equipped  for  the 
transportation  of  fighting  men  and  ammunition.  In  1609-1700 
the  pilans  were  the  vessels  that  captured  the  joanga,  a  flat  boat, 
m^anned  by  Moros  from  Mintun  (Mutul)  which  carried  Father 
Lopez  to  Simuay,  Cotabato.     Mentioned  in  Events  in  Filipinas. 

Pinaza  (pinnace). ^^ — ^A  light  sailing  vessel,  often  schooner- 
rigged,  sometimes  also  using  oars,  used  largely  as  a  tender  for 
warship  or  other  large  vessels.  Mentioned  in  a  letter  of  Fran- 
cisco de  Ortega  to  the  Viceroy  in  1580-1605. 

Piragua  (pirogue)  .^^ — A  very  swift  and  light  dugout  canoe 
used  by  the  natives  in  Mindanao.  Mentioned  in  Events  in  Fili- 
pinas in  1721-1739. 

Pitsuya, — A  large  vessel  made  of  planks  provided  with  nar- 
row bamboo  rafts  with  oars  and  tiquines  (long  bamboo  poles) 
on  each  side.     Used  in  navigable  rivers  for  loading  merchandise. 

Pontin,^'^ — A  stoutly  built  coasting  vessel  of  European  model, 
from  80  to  150  tons,  with  two  long  mat  sails,  like  a  Chinese 
junk.  Used  in  coastwise  trade  in  1801-1840.  Mentioned  in  a 
letter  from  Father  Quirico  More  to  the  Father  Superior  of  the 
Mission,  1885.     Common  in  La  Union  Province. 

Prao  (parao,  prahu,  proe,  prow — Malay), ^^ — ^A  large,  swift, 
flat  boat  with  two  masts  and  lateen  sails.  Used  for  carrying 
freight  and  employed  in  the  rivers  and  bays.  It  resembled  the 
fusta.  Its  sails  are  made  of  palm  mats.  It  is  of  from  20  to  30 
tons  burden,  and  propelled  by  both  sails  and  oars.  Draws  but 
little  water  and  is  a  fast  sailer,  well  suited  to  navigation  through 
dangerous  seas.  The  vessels  are  armed  with  muskets,  blunder- 
busses, krises,  hatchets,  and  spears,  and  at  times  two  large 

''  Op.  cit.  28   (1905)  212.  ""  Op.  cit.  29   (1905)  171. 

'*0p.  cit.  29  (1905)  144.  ^' Op.  cit.  43   (1906)  194. 

^Op.  cit.  34  (1906)  271.  ''Op.  cit.  2  (1903)  144. 
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mounted  guns.  Mentioned  in  Resume  of  Contemporaneous  Doc- 
uments, 1559-1568. 

Salisipan. — ^A  very  light  and  fast  craft  used  by  the  Moros  on 
their  piratical  expedition.     Common  in  southern  waters. 

Sapit,^^ — A  large  cargo  boat  of  the  Mohammedan  Moros  made 
by  the  Samal  people  of  the  Tawitawi  Islands.  Built  up  from 
a  keel,  the  cutting  and  shaping  done  by  hand.  Typically  Moro. 
(Plate  11,  fig.  2.) 

Saraboa  (salambao)  ,^^ — A  fishing  raft  of  reeds  or  bamboo  on 
which  is  erected  an  apparatus  not  unlike  the  mast  and  yard  of 
a  square-rigged  ship.  The  nets  used  in  the  bay  or  river  are 
suspended  by  the  four  corners  from  hoops  attached  to  a  crane 
by  which  they  are  lowered  into  the  water.  This  type  of  fishing 
raft  is  used  in  the  islands  up  to  the  present  time  (Plate  11, 
fig.  1). 

Sloop.^^ — A  vessel  having  one  mast  and  fore-and-aft  rig,  con- 
sisting of  a  boom-and-gaflf  mainsail,  a  jib  or  jibs,  often  a  stay 
sail,  and  usually  a  gaff  topsail.  The  typical  sloop  has  a  fixed 
bowsprit,  topmast,  and  standing  rigging;  those  of  the  cutter 
type  may  be  readily  shifted.  This  type  of  vessel  appeared  in 
the  Philippines  in  1880. 

Soma,^^ — A  large  vessel  from  Great  China  laden  with  merchan- 
dise. These  boats  came  in  groups  to  Manila  with  the  monsoon 
and  settled  weather  which  generally  came  with  the  advent  of 
the  New  Moon  in  March.     Mentioned  in  Morgans  Sucesos,  1609. 

Steamboat  {steamship)  .^^ — A  vessel  propelled  by  steam  power 
generally  used  in  navigable  rivers  and  seas  as  coasting  craft. 
Used  at  present  in  the  islands  for  transporting  merchandise  and 
passengers.     (Plate  10,  fig.  2.) 

Taculi,^"^ — A  type  of  transportation  vessel  used  in  Cagayan 
River  for  loading  merchandise.  Propelled  by  oars.  Similar  to 
the  virey  or  barangay. 

Talisay,^^ — A  fisherman's  boat  made  of  talisay  (Terminalia 
catappa).     Mentioned  in  Events  in  Manila  in  1662-1663. 

^^Orosa,  Sixto  Y.     The  Sulu  Archipelago  and  its  people  (1931)   16. 

'^  Blair,  Helen  Emma,  and  James  Alexander  Robertson.  The  Philippine 
Islands  1493-1898.     53  (1906)  149. 

«^0p.  cit.  39   (1906)  31. 

«^0p.  cit.  14  (1904)  177. 

^^  Webster  New  International  Dictionary  of  the  English  Language  (1938) 
2465. 

«*  Census  of  the  Philippine  Islands:  1903  (1905)   588. 

^  Blair,  Helen  Emma,  and  James  Alexander  Robertson.  The  Philippine 
Islands  1493-1898.     34   (1906)  223. 
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Tapaque,^^ — A  large,  light,  roomy  vessel  for  conveyance  of 
merchandise.  Can  be  dragged  on  shore  at  night;  navigated 
without  going  into  the  open  sea  or  leaving  the  shore.  Some  of 
these  tapaques  were  so  long  that  they  could  carry  100  rowers  on 
one  side  and  30  soldiers  above  to  fight.  Mentioned  by  Antonio 
de  Morga  in  his  Sucesos  de  las  Islas  Filipinas  in  1609. 

Taratana.^'^ — One  of  the  armed  vessels  sent  against  the  Moro 
pirates  during  1721-1734  under  the  command  of  Antonio  Roxas 
who  sailed  from  Manila  on  July  10,  1721,  to  attack  Jolo. 

Tataya. — A  carvel-built  vessel  provided  with  three  oars  on 
each  side  of  the  hull.  Each  oar  is  tied  with  rope  to  a  wooden 
peg.  It  is  held  together  by  rattan  lashing.  No  iron  nail  is 
used.  Usually  painted  with  charcoal  and  lime.  Used  on  sea. 
Common  in  Batanes  Islands  at  present. 

Tugboat  (totvboat), — A  strongly  built,  powerful  steam  vessel, 
whose  engineer,  bunkers,  and  stokehole  occupy  practically  all 
the  room  except  that  needed  for  the  crew.  Common  in  ports 
of  call  like  Manila,  Iloilo,  Cebu,  and  Tacloban. 

Tunguli  (timghuly)  .^^ — A  small  boat  usually  with  the  squad- 
rons of  praos.  Mentioned  by  Antonio  Pigafetta  in  his  Primo 
Viaggio  Intorno  Al  Mundo  in  1519-1522. 

Urca,^^ — Built  like  a  pink — that  is,  witb  a  very  narrow  stern — 
and  sloop-rigged.  Mounted  with  24  pieces  of  artillery.  Men- 
tioned in  a  letter  of  Juan  de  Silva  to  Philip  III  in  1609-1616. 

ViloxJ^ — A  boat  made  of  wood  and  bamboo.  A  common 
means  of  transportation  in  Iloilo  for  loading  merchandise  on  sea 
and  river. 

VintaJ^ — ^A  general  utility  boat  of  the  Moros  which  is  built  in 
the  rough  at  Basilan  Island  and  brought  south  for  the  orna- 
mental carving  of  its  bows  and  sides.  Equipped  with  bamboo 
outriggers  and  propelled  by  paddles  or  by  a  lateen  sail  of  muslin 
attached  to  a  tripod  mast  of  bamboo  which  is  stepped  well  for- 
ward. It  is  usually  so  light  that  a  foot  and  a  half  of  water 
depth  suffices.  It  can  easily  go  up  the  streams  and  brooks.  It 
is  still  in  use  at  present.  Common  in  Mindanao  and  Sulu. 
(Plate  12,  fig.  2.) 

««0p.  cit.  14  (1904)  83. 
«'0p.  cit.  46    (1906)   223. 
"'Op.  cit.  33   (1906)  221. 
~0p.  cit.  17   (1904)  145. 

""Census  of  the  Philippine  Islands:  1903  (1905)   589. 
'^  Blair,  Helen  Emma,  and  James  Alexander  Robertson.     The  Philippine 
Islands  1493-1898.     41    (1906)  305. 
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Virey  (birey,  viray)P — ^An  unsteady  vessel  navigated  only 
near  the  shore.  Mentioned  in  Sande's  Relation  in  1576.  Com- 
mon in  Cagayan,  Ilocos  Norte,  Ilocos  Sur,  and  La  Union  Prov- 
inces. 

Virocco  {biroco)J^ — A  light  vessel  made  in  Catanduanes  and 
sold  in  a  curious  manner.  A  large  vessel,  undecked,  without 
iron  nail  or  any  fastening  is  first  built.  Another  vessel  is  made 
to  fit  its  hull.  Within  that  they  put  a  second,  a  third,  and  so  on. 
Thus,  a  large  biroco  often  contains  10  or  12  vessels,  called  bi- 
TOCO,  virey,  barangay,  and  binitan.  Mentioned  in  Morgans  Su- 
cesos  de  las  Islas  Filipinas  (1609). 

Yacht, — A  vessel  larger  than  a  rowboat,  used  either  for  pri- 
vate trips,  or  as  a  vessel  of  state  to  convey  distinguished  per- 
sons from  one  place  to  another  on  oflScial  trips.  The  name  also 
refers  to  swift  small  racing  sailboats. 

Zalea  (xalea)  J"^ — A  Spanish  flagship  used  in  expedition  to  Sulu 
in  1638-1640.  On  her  return  voyage  it  collided  with  a  cham- 
pan  from  Manila  which  carried  Father  Marcelo  Mastril.  The 
shock  was  so  severe  that  the  flagship  sprung  a  leak  and  went 
down.  One  Spaniard  and  one  Sangley  were  drowned.  Men- 
tioned in  Events  in  Filipinas  (1721-1739). 

Zebeck  (xebec)  J^ — A  Mediterranean  vessel  with  long  over- 
hanging bow  and  stern*,  usually  three-masted,  lateen-rigged,  but 
often  carrying  square  sails  on  the  foremast.  Formerly  used  as 
corsairs.  Mentioned  in  Vice  Admiral  S.  Cornish's  letter  to  Mr. 
Cleveland  in  1759-1765. 

'"Op.  cit.  4  (1903)  26.  "^^  Op.  cit.  29   (1904)  23. 

''Op.  cit.  14  (1904)  107.  '^  Op.  cit.  49  (1907)^  44. 


ILLUSTRATIONS 

Plate  1 

Fig.  1.  The  balsa   (raft)   a  makeshift  means  of  conveyance  across  rivers. 
2.  The  balsa  full  of  passengers  and  vehicles  crossing  Laoag  River. 

Plate  2 

Fig.  1.  Typical  dug-out  boat  knovirn  as  banca,  canoe,  or  lunday. 

2.  Bancas  roofed  with  trestlework  of  bamboo  and  buri  or  nipa  leaves. 

Plate  3 

Fig.  1.  A  Philippine  canoe  with  outriggers. 
2.  An  outrigger  canoe  with  sail. 

Plate  4 

Fig.  1.  The  barangay,  the  most  primitive  and  the  most  characteristic  boat 
in  the  islands. 
2.  A  fleet  of  casco  on  the  Pasig  River  for  loading  merchandise. 

Plate  5 

Fig.  1.  Another  type  of  casco  with  masts  for  sails.     (After  Palgrave.) 
2.  Chalana   (scow)   full  of  passengers  and  motor  vehicles. 

Plate  6 

Fig.  1.  Champan,  a  Chinese  vessel  used  by  the  Chinese  for  trading  in  the 
Philippines.     (After  Webster.) 
2.  An  ancient  type  of  passage  boat  (ferry  boat)   for  conveying  pas- 
sengers across  a  river.     (After  La  Gironiere.) 

Plate  7 

Fig.  1.  Falua,  a  fast,  three-masted,  lateen-rigged  vessel  found  in  the  is- 
lands some  time  in  1636-1637.     (After  Webster.) 
2.  Galleon,  a  15th  century  sailing  vessel  used  for  war  or  for  commerce 
by  the  Spaniards  in  the  Manila-Acapulco  Trade.     (After  Web- 
ster.) 

Plate  8 

Fig.  1.  Garays  of  the  Sulu  Moro  pirates  that  spread  terror  on  the  seas. 
(After  Orosa.) 
2.  Goleta  moored  at  Iloilo  River.     (After  Laureano.) 

Plate  9 

Fig.  1.  A  Bajao  houseboat  in  the  Sulu  Sea.     (After  Orosa.) 

2.  Junk,  a  characteristic  Chinese  vessel  formerly  found  in  the  islands. 
(After  Webster.) 
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Plate  10 

Fig.  1.  Parcddo,  a  large  Philippine  outrigger  with  masts  and  sails. 

2.  Inter-island  vessel  used  at  present  in  navigable  rivers  and  seas 
as  coasting  craft. 

Plate  11 

Fig.  1.  Saraboa   (salambao),  or  fishing  raft.     (After  La  Gironiere.) 
2.  Sapitf  a  large  cargo  boat  of  the  Samal  Moros.     (After  Taylor.) 

Plate  12 

Fig.  1.  Canadian  Pacific  Liner  (Empress  of  Asia),  at  Pier  7. 

2.  Vinta,  a  general  utility  boat  of  the  Samal  Moros.     (After  Taylor.) 

Plate  13 

Fig.  1.  Ship  building  at  Dagupan,  Pangasinan  Province. 

2.  A  fleet  of  Moro  Vintas  with  buntings  on  festive  occasion. 
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LABIDOCERA  GLAUCA  SP.  NOV.,  A  BLUE  COPEPOD  OF 
PUERTO  GALERA  BAY,  MINDORO  i 

By  Louise  Victoria  Smith 

Of  the  Division  of  Fisheries 
Department  of  Agriculture  and  Commerce^  Manila 

ONE   PLATE  AND   SIX   TEXT   FIGURES 

The  writer  is  under  obligation  to  Dr.  Felix  V.  Santos,  for- 
merly of  the  Department  of  Zoology,  University  of  the  Philip- 
pines, for  supervision  of  the  work  on  which  this  report  is  based, 
and  to  Dr.  Hilario  A.  Roxas,  head  of  the  same  Department,  for 
certain  helpful  suggestions  in  the  research. 

LABIDOCERA  GLAUCA  sp.  nov.     Plate  1. 

Male, — Body  laterally  compressed,  average  length  3.2  mm; 
head  evenly  rounded,  without  side  hooks  but  with  a  forked 
rostrum  ending  in  strong  rostral  prongs.  Length  of  head  about 
I  that  of  cephalothorax.  Dorsal  eye  lenses  cuticular  and  larger 
than  in  the  female.  Diameter  of  median  ventral  eye  greater 
than  that  of  dorsal  eye.  Cephalothorax  divided  into  7  seg- 
ments. First  two  thoracic  segments  practically  of  equal  size, 
but  longer  than  any  of  the  last  four  thoracic  segments  (Plate  1, 
fig.  1).  Last  thoracic  segment  symmetrical,  fused  with  pre- 
ceding segment  and  provided  on  each  side  with  a  lateral  spine 
pointing  posteriorly  (Plate  1,  fig.  2).  Abdomen  as  long  as  head 
(Plate  1,  fig.  1).  Four  abdominal  segments  bilaterally  sym- 
metrical. Furca  also  bilaterally  symmetrical.  Antenna  asym- 
metrical, first  left  antenna  composed  of  23  segments  reaching 
almost  to  base  of  furca.  Many  bristles  covered  with  hairs 
present  on  outer  side  of  antenna.  Bristles  decreasing  toward 
terminal  region.  Hairs  on  inner  side  extending  from  about 
ist  segment  to  13th.  Segments  of  right  antenna  (grasping 
organ)  fused  to  consist  of  16  visible  segments.  Several  fairly 
long  bristles  covered  with  hairs  along  inner  side,  bristles  absent 
on  outer  side;  sutured  fold  covering  11th  and  12th  visible  seg- 

^A  portion  of  the  thesis  submitted  to  the  Faculty  of  the  University  of 
the  Philippines  in  partial  fulfillment  of  the  requirements  for  the  degree 
of  Master  of  Science  in  1935. 
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ments  on  inner  side;  another  sutured  area  covering  about  |  of 
13th  portion  of  two  segments  preceding  terminal  segment,  gen- 
erally provided  with  5  sets  of  terminal  spines  (Plate  1,  fig.  4) . 
Thick  left  swimming  leg  (often  referred  to  as  swimming  foot) 
4-jointed,  without  endopodite.  Terminal  segment  provided  with 
4  bristles  at  end,  with  numerous,  thickly  set  hairs  on  inner  sur- 
face. Terminal  spine  on  second  distal  segment  (Plate  1,  fig. 
10).  Head  segment  of  right  5th  leg  with  proximal  internally 
directed  pronglike  extension,  terminal  segment  slender,  re- 
curved, terminating  in  a  pronglike  portion  with  one  median 
and  one  terminal  spine  (Plate  1,  fig.  11). 

Female, — Average  length  of  female  approximately  3.5  mm 
(Plate  1,  fig.  12).  Female  differs  from  male  in:  (a)  Eyes  gen- 
erally smaller  and  never  as  close  together  as  sometimes  found 
in  the  male;  last  thoracic  segment  produced  on  either  side  to  a 
rounded  lobe  and  provided  with  a  spine  placed  asymmetrically 
on  side  of  segment  (Plate  1,  fig.  15).  (6)  Abdomen  consisting 
of  2  segments,  genital  segment  much  larger  than  anal  and  pro- 
vided with  a  lateral  lobe  on  left  side  where  genital  opening  is 
situated,  (c)  Anal  segment  twice  as  wide  as  long;  furca  sym- 
metrical (Plate  1,  fig.  14).  (d)  Antennae  similar  to  the  left 
antenna  of  the  male  and  reaching  almost  to  the  posterior  border 
of  the  genital  segment  (Plate  1,  fig.  15).  (e)  Sides  provided 
each  with  3  lateral,  1  terminal,  and  1  median  spine.  A  very 
small  4th  lateral  spine  proximal  to  the  terminal  spine  present 
in  some  specimens  on  left  side,  in  others  on  right. 

Light  blue  in  life;  colorless  in  80  per  cent  alcohol. 

Labidocera  glauca,  commonly  known  as  the  blue  copepod,  dif- 
fers from  Wheeler*s(30)  description  of  the  genus  Labidocera  in 
two  respects:  (1)  Wheeler  describes  this  genus  as  possessing  5 
segments  in  the  cephalothorax,  while  the  specimen  under  con- 
sideration has  7  segments;  (2)  the  abdomen  of  the  male  Labido- 
cera as  described  by  Wheeler  possesses  5  segments,  while  the 
Puerto  Galera  specimen  has  only  4  segments.  The  latter  is  in 
conformity  with  Lubbock's  description. (19) 

ECOLOGY 

During  April  and  May  of  1933  and  1934  ecological  studies 
were  conducted  at  the  Marine  Biological  Station  of  the  Uni- 
versity of  the  Philippines,  Puerto  Galera,  Mindoro.  The  major 
problem  involved  was  the  determination  of  the  diurnal  vertical 
migrations  of  plankton,  particularly  L.  glauca,  to  the  surface  of 
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the  water.     Special  emphasis  also  was  placed  on  the  sex  ratio 
of  L.  glauca. 

A  path  to  be  followed  on  the  collecting  trips  was  laid  out  in 
a  cove  at  Puerto  Galera  Bay.  A  definite  point  suitable  for  the 
lowering  of  the  plankton  net  into  the  water  was  chosen  at  about 
5  meters  from  the  shore  at  the  landing  place.  The  turning 
point  was  a  spot  approximately  300  meters  from  the  landing. 
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Fig.  1.    Average  numbber  of  L.  glauca  according  to  time  of  day.    Based  on  Table  1. 

The  path  was  retraced  on  the  return  trip  and  the  net  raised  at 
the  place  where  it  was  lowered.  A  No.  17  plankton  net  was 
employed.  The  data  obtained  on  these  trips  are  given  in  Ta- 
bles 1  to  5. 

L.  glauca  come  to  the  surface  of  the  water  after  4  A.  M.  and 
remain  until  about  5  A.  M.,  after  which  they  soon  disappear 
and  appear  again  after  7  P.  M.  (text  figs.  1  and  2).  These 
migrations  to  the  surface  during  darkness,  and  the  apparent 
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Fig.  2.    Average  number  of  L.  glauca  according  to  time  of  day.       Based  on  Tables  2  to  5. 

Table  1. — Number  of  L.  glauca  and  amount  of  jjlankton  according  to 
time  of  day  (1933). 


Haul  No. 

Time. 

Date. 

Water 
tempera- 
ture. 

Number  of  L.  glauca 
per  haul. 

Plankton. 

Total. 

Male. 

Female. 

1   ___   ___     

A.  M. 

4:25  4:35 
5:45-  6:00 
6:10-  6:25 
7:00-  7:15 
8:00-  8:15 
9:15-  9:32 
10:00-10:15 
11:08-^11:20 

P.  M. 

1:07-  1:20 
2:10-  2:25 
3:06-  3:20 
4:05-  4:22 
5:03-  5:15 
6:03-  6:15 
7:08-  7:21 
8:10-  8:25 

May    6 
May    2 
April  19 
May     4 
April    5 
April    6 
April  18 
April    5 

April    6 
April    8 
April    4 
April    6 
April    5 
April    6 
May    4 
April  21 

27.3 
26.6 
27.2 
27.2 
26.5 
26.4 
27.2 
25.1 

27.0 
27.2 
26.8 
27.0 
26.5 
27.4 

27.8 

393 

11 

10 

5 

«16 
a9 
«0 

a2 

«3 

»0 

0 

5 

11 

10 

675 

228 

206 

10 

3 

2 

187 
1 
7 
3 

cc. 

9.0 

16.5 

10.5 

14.5 

10.5 

6.5 

6.5 

5.0 

5.0 
5.5 
9.0 
9.0 
6.0 
6.0 
42.0 
21.0 

2 

3             __ 

4               _     __-   __ 

5 

6 

7 

8 

9 

10 

11 

12 

2 

3 

13 

14            .__ __ 

2 

378 
143 

8 

297 

85 

15             

16 

»  Sex  not  recorded. 
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absence  of  this  copepod  during  daylight,  tend  to  prove  that  L. 
glauca  are  negatively  phototropic.  However,  the  fact  that  very 
few  were  found  on  the  surface  between  2 :30  and  4  A.  M.  indicates 
that  other  factors  are  involved.  The  factors  of  temperature, 
pH,  and  condition  of  the  surface  of  the  water,  height  and  di- 
rection of  the  tide,  and  condition  of  the  sky  were  all  found  to 
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Fig.  3.    Number  and  sex  ratio  of  L.  glauca  according:  to  time  of  day.    Based  on  Table  1. 

have  insignificant  bearing  on  the  problem  at  hand.  The  writer's 
contention  is  then  that  L.  glauca  is  negatively  phototropic,  since 
very  few  individuals  are  ever  found  on  the  surface  of  the  water 
during  daylight,  although  they  do  not  remain  on  the  surface 
during  the  entire  period  of  darkness.  They  must  descend  some 
time  between  9:30  P.  M.  and  2:30  A.  M.  and  ascend  again  at  4 
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75,3        Smith:  Copepod  of  Puerto  Galera  Bay,  Mindoro       317 

A.  M.  Whether  or  not  L.  glauca  migrate  to  the  surface  between 
9:30  P.  M.  and  2:30  A.  M.  was  not  determined  in  this  investi- 
gation. 

As  to  sex  ratio,  the  males  outnumbered  the  females  in  all  of 
the  migrations  to  the  surface  for  both  years  (text  figs.  3  and  4) . 
In  1934  (text.  fig.  4)  the  males  had  a  greater  preponderance 
over  the  females  in  the  evening  surface  migrations  than  dur- 
ing 1933  (text  fig.  3).  The  fact,  however,  that  a  comparatively 
large  number  of  females  do  come  to  the  surface  with  the  males 
appears  to  indicate  that  both  sexes  have  similar  migratory 
habits. 
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Fig.  6.     Average  amount  of  plankton  according  to  time  of  day.     Based  on  Tables  2  to  5. 

There  seemed  to  be  no  agreement  according  to  the  time  of 
day  between  the  average  bulk  of  plankton  (excluding  L.  glauca) 
collected  during  1933  and  that  collected  during  1934.  Nor  did 
there  appear  to  be  any  correlation  between  the  number  of  L. 
glauca  and  the  average  amount  of  plankton  collected  (text  figs. 
5  and  6). 
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ILLUSTRATIONS 

Plate  1.  Lahidocera  glauca  sp.  nov.;  X  50. 

Fig.  1.  Male;  right  lateral  view. 

2.  Male,  last  thoracic  segment;  dorsal  view. 

3.  Male,  abdomen;    dorsal  view. 

4.  Male,  first  right  antenna;  right  lateral  view. 

5.  Male,  second  right  antenna;  right  lateral  view. 

6.  Male,  right  mandible  and  palp;  anterior  view. 

7.  Male,  maxilla. 

8.  Male,   second  maxilla. 

9.  Male,  maxilliped. 

10.  Male,   5th  left  leg. 

11.  Male,  5th  right  leg. 

12.  Female;   lateral  view. 

13.  Female,  last  thoracic  segment. 

14.  Female,  abdomen;  dorsal  view. 

15.  Female,  first  left  antenna;  dorsal  view. 

16.  Female,  first  right  leg;  right  lateral  view. 

17.  Female,  second  right  leg;  right  lateral  view. 

18.  Female,  third  left  leg;  left  lateral  view. 

19.  Female,  fourth  right  leg;   right  lateral  view. 

20.  Female,  fifth  pair  of  legs;  ventral  view. 

TEXT  FIGURES 

[Drawn  by  Francisco  Rafael] 

Fig.  1.  Average  number  of  L.  glauca  according  to  time  of  day.     Based  on 
Table  1. 

2.  Average  number  of  L.  glauca  according  to  time  of  day.    Based  on 

Tables  2  to  5. 

3.  Number  and  sex  ratio  of  L.  glauca  according  to  time  of  day.     Based 

Table  1. 

4.  Number  and  sex  ratio  of  L.  glauca  according  to  time  of  day.     Based 

on  Tables  2  to  5. 

5.  Average  amount  of  plankton  according  to  time  of  day.     Based  on 

Table  1. 

6.  Average  amount  of  plankton  according  to  time  of  day.     Based  on 

Tables  2  to  5. 
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BLATTODEA  FROM  LOS  BASOS,  LUZON,  PHILIPPINES 

By  G.  Bey-Bienko 
Of  the  Leningrad  Agricultural  Institute,  Leningrad,  USSR 

SIX  TEXT  FIGURES 

The  present  paper  is  based  on  a  small  collection  of  Blattodea 
made  by  Mr.  N.  Ikonnikov  in  the  vicinity  of  Los  Bafios,  Luzon, 
Philippines,  in  1917,  and  submitted  to  me  for  study  some  years 
ago  by  Mr.  A.  Zhelokhovzev  from  the  Zoological  Institute  of 
Moscow  University. 

The  types  of  all  new  species  are  deposited  in  the  Zoological 
Institute  of  Moscow  University. 

ECTOBIIN^ 
Genus  MARETA  Bolivar 

MARETA  SUBCONTIGUA  sp.  nov.     Text  fig.  1. 

Luzon,  Laguna  Province,  Los  Bafios,  April  25,  1917,  1  female 
(type)  ;  May  15,  1  female;  May  22,  1  male?  (abdomen  missing) 
(N.  Ikonnikov). 

Very  similar  to  M,  contigua  Walker  from  New  Guinea,  Malay- 
Archipelago,  Malay  Peninsula,  and  Siam,  in  the  presence  of  the 
porcelain- white  crossbar  on  the  head  just  above  the  antennal 
sockets,  in  the  unusually  long  cerci,  and  in  the  presence  of  five 
branches  on  the  anterior  cubital  vein  (CuA)  of  the  hind  wings, 
but  differs  from  it  chiefly  in  the  presence  of  numerous,  some- 
what elevated  and  plainly  visible  small  dark-brown  spots  on  the 
principal  veins  of  elytra.  Interocular  space  nearly  equal  to 
width  between  antennal  sockets.  Coloration  of  head  brownish 
testaceous,  with  porcelain  crossbar  as  described  above;  maxil- 
lary palpi  very  long,  third  and  fourth  joints  very  slender,  sub- 
equal  in  length,  fifth  joint  almost  three-fifths  as  long  as  fourth. 
Pronotum  with  two  pairs  of  brown  dots  on  middle  before  hind 
margin  (of  which  the  anterior  pair  is  much  more  approximated 
than  posterior  pair) ,  two  elongated,  irregular,  brown  markings 
in  median  part,  and  two  widely  separated  brown  dots  a  little 
behind  median  markings.  Elytra  with  numerous  dots  as  de- 
scribed above,  pale  testaceous,  extending  a  little  beyond  apex  of 
cerci ;  R  with  fifteen  oblique  branches  of  which  four  or  five  apical 
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branches  are  forked;  mediocubital  (discoidal)  field  with  indis- 
tinctly oblique,  practically  longitudinal  sectors.  Wings  with 
costal  part  pale  testaceous;  Sc  with  three  thickened  oblique 
branches,  R  with  two  thickened  proximal  branches,  radiomedian 
field  equal  in  width  to  mediocubital  field,  CuA  with  five  regular 
branches,  apical  triangle  narrow  but  distinct.  Abdomen  dark- 
ened above,  testaceous  below,  very  small,  indistinct,  dark  lateral 
spots  on  the  ventral  surface  of  each  segment.  Supraanal  plate 
strongly  transverse,  median  part  moderately  produced,  with  a 


Fig.  1.     Mareta  subcontigua  sp.  nov. ;  apex  of  abdomen  of  female  type,  dorsal  view. 


deep  emargination  so  that  the  plate  is  bilobate;  apex  of  each 
lobe  pale,  the  rest  of  plate  dark  brown.  Cerci  very  long  and 
slender,  with  fourteen  joints,  apical  joint  subspiniform,  not 
thicker  than  apical  antennal  joints;  lower  surface  of  cerci  dirty 
testaceous,  inner  margin  of  upper  surface  blackened.  Legs  tes- 
taceous, fourth  and  apex  of  third  joints  of  all  tarsi  blackened 
above.  Anterior  lower  margin  of  anterior  femora  armed  with 
a  long  row  of  pyliform  spines,  terminating  in  two  large  distal 
spines. 
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Female. — Length  of  body  11.2  to  11.6  millimeters;  pronotum 
2.8;  elytra  12.5;  cerci  4.3  to  4.5;  total  length  15.5. 

The  present  species  shows  a  distinct  affinity  to  some  species 
of  the  related  but  independent  genus  Grabtoblatta  Hebard,  viz. 
G,  testacea  Hebard  and  G.  nodosa  Fritze,  being  characterized  by 
the  same  general  appearance,  proportions  of  maxillary  palpi, 
and  even  by  the  similar  structure  of  the  supraanal  plate. 


male 


MARETA  LUZONICA  sp.  nov.     Text  fig.  2. 

Luzon,  Laguna  Province,  Los  Baiios,  May  25,  1917,  1 
(N.  Ikonnikov). 

A  small  species  with  very  distinctive  coloration  of  pronotum. 
General  color  testaceous.  Face  of  head  testaceous;  upper  part 
just  above  antennal  sockets  with  a  very  broad  porcelain-white 
crossbar  partly  occupying  the  lower  part  of  vertex;  upper  part 


Pig.  2.     Mareta  luzonica  sp.  nov. ;  pronotum  of  male  type. 

of  latter  brown,  interocular  space  relatively  broad,  equal  in 
length  to  third  joint  of  maxillary  palpi  (other  joints  broken 
off) ;  antennae  pale.  Pronotum  transverse,  one  and  one-half 
times  as  broad  as  long,  anterior  and  posterior  margins  prac- 
tically straight;  disc  with  a  large,  reddish-brown,  trapezoidal 
spot,  strongly  broadening  posteriorly,  lateral  margins  of  spot 
darker  than  median  part,  bordered  with  a  narrow  white  line; 
lateral  parts  of  pronotum  hyaline.  Elytra  slightly  narrowing 
apically,  moderately  extending  beyond  apex  of  abdomen,  pale 
testaceous,  without  dark  spots,  veins  and  veinlets  slightly  whit- 
ish and  opaque,  producing  a  very  delicate  tesselation,  basal  part 
with  a  whitish  stripe  between  Sc  and  R  and  with  a  narrower, 
dark-brown,  bow-shaped  stripe  between  basal  fourth  of  R  and 
M,  oblique  branches  of  R  fourteen.    Abdomen  testaceous  be- 
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low,  with  a  small  lateral  brownish  spot  on  each  segment ;  supra- 
anal  plate  broadly  triangular,  short,  apex  slightly  deflexed, 
with  very  feeble  excision.  Subgenital  plate  symmetrical,  with 
a  broad  angular  excision  in  middle,  inner  margin  of  each  lobe 
straight,  slightly  reflexed,  forming  a  narrow  marginal  rim; 
styli  very  small,  subconical,  a  little  longer  than  wide  at  base, 
placed  on  apex  of  each  lobe.  Cerci  unicolorous,  testaceous. 
Legs  testaceous,  typical  for  the  genus. 

Length  of  body  9  millimeters;  pronotum  2;  elytra  8.3;  total 
length  10.3. 

MARETA   (?)   DIAMESA  sp.  nov.     Text  fig.  3. 

Luzon,  Laguna  Province,  Los  Bafios,  May  25,  1917,  1  male 
(N,  Ikonnikov), 

Very  similar  in  general  habitus  and  coloration  to  Grabtoblatta 
testacea  Hebard  from  Java,  but  characterized  by  oblique  sectors 
in  the  mediocubital  field  of  elytra  and  therefore  not  congeneric 


Fig.  3.     Mareta   (?)    diamesa  sp.  nov.;  anterior  femur  of  male  type. 

with  that  species.  On  the  other  hand  the  new  species  is  char- 
acterized by  type  C  armament  of  anterior  femora,  but  the  apical 
part  of  the  anterior  lower  margin  of  these  femora  is  armed 
with  three  spines  instead  of  two,  as  in  typical  members  of  the 
genus  Mareta. 

Body  unicolorous,  pale.  Head  pale  testaceous,  without  trans- 
verse band  between  eyes  or  antennal  sockets,  with  very  distinct 
convex  ocellar  spots;  interspace  between  eyes  equal  in  length 
to  interspace  between  antennal  sockets.  Maxillary  palpi  with 
third  and  fourth  joints  normal,  not  elongated,  fourth  joint  a 
little  longer  than  third  (fifth  joint  broken  off).  Pronotum  ir- 
regularly pentagonal,  one  and  a  half  times  as  broad  as  long,  cen- 
tral part  pale  testaceous,  immaculate,  lateral  parts  hyaline.  Ely- 
tra unicolorous,  hyaline,  extending  beyond  apex  of  abdomen  at 
a  distance  twice  as  great  as  pronotal  length,  veins  and  veinlets 
slightly  whitish  and  opaque,  giving  a  very  delicate  reticulation 
(visible  under  magnification  only).  Mediocubital  (discoidal) 
field  with  moderately  oblique  sectors.  Abdomen  pale  testaceous, 
without  dark  spots  near  lateral  margins  of  ventral  surface. 
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Supraanal  plate  very  short,  strongly  transverse,  with  moderately 
rounded  hind  margin.  Subgenital  plate  symmetrical,  with  trian- 
gular excision  in  middle;  styles  moderately  depressed,  directed 
backwards,  about  twice  as  long  as  broad  at  base,  moderately 
narrowing  apically,  but  its  immediate  apex  not  sharpened; 
apex  of  each  lobe  of  plate  slightly  produced  in  the  shape  of  a  very 
short,  rounded  lobule.  Cerci  pale  testaceous.  Legs  pale  testa- 
ceous, anterior  lower  margin  of  anterior  femora  armed  with  pyli- 
form  spinules  only  (type  C),  apex  with  three  spines,  of  which 
the  first  spine  is  very  short  but  distinct;  other  features  typical 
for  the  genus. 

Length  of  body  9.5  millimeters;  pronotum  2.7;  elytra  11.5;  to- 
tal length  13.5. 

The  systematic  position  of  this  species  is  intermediate  between 
the  genera  Mareta  and  Grabtoblatta,  although  the  principal  mor- 
phological features  (structure  of  the  maxillary  palpi,  disposition 
of  the  sectors  in  the  mediocubital  field  of  elytra,  and  type  C  ar- 
mament of  the  anterior  lower  margin  of  the  anterior  femora) 
are  identical  with  those  in  the  genus  Mareta,  The  present  spe- 
cies differs  from  the  typical  Mareta  only  in  the  presence  of  three, 
instead  of  two,  apical  spines  on  the  anterior  femora.  Grabto- 
blatta  testacea  Hebard  also  widely  differs  from  the  typical  mem- 
bers of  the  genus  Grabtoblatta  in  the  presence  of  a  single  large 
spine  in  the  median  part  of  the  anterior  lower  margin  of  the  an- 
terior femora,  whereas  the  genotype  (G.  notulata)  is  charac- 
terized by  two  or  three  median  spines.  On  the  other  hand,  the 
above  described  Mareta  subcontigua  sp.  nov.  is  also  character- 
ized by  somewhat  intermediate  characteristics  and  shows  distinct 
affinity  to  G.  testacea  and  G.  nodosa.  It  is  evident  therefore 
that  a  revision  of  the  entire  group  is  badly  needed. 

Genus  ALLACTINA  Hebard 
ALLACTINA  JAKOBSONI  Hebard. 

LUZON,  Laguna  Province,  Los  Banos,  May  15,  1917,  1  female. 

Originally  described  from  Fort  de  Kock,  Sumatra, (5)  but  sub- 
sequently recorded  from  northern  Australia  and  Borneo, (4)  Ce- 
lebes, (2)  Pahang,  and  Singapore  ;(i)  the  present  record  extends 
its  area  further  northward. 

ALLACTINA  IKONNIKOVI  sp.  nov.    Text.  fig.  4. 

LUZON,  Laguna  Province,  Los  Baiios,  May  22,  1917,  1  male 
{N.  Ikonnikov) . 
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Head  brownish  yellow,  with  pale-yellow  vertex,  eyes  moder- 
ately separated,  interspace  between  them  on  vertex  equal  to  in- 
terspace between  antennal  sockets  and  to  fourth  joint  of  maxil- 
lary palpi;  maxillary  palpi  testaceous,  slender,  fifth  joint  mod- 
erately thickened,  slightly  shorter  than  fourth,  the  latter  a  little 
shorter  than  third.  Antennse  black.  Pronotum  one  and  one- 
half  times  as  broad  as  long,  anterior  and  posterior  margins 
slightly  rounded,  practically  straight,  disc  with  the  center  pale 
whitish,  with  two  broad,  longitudinal,  brownish-black  bands, 
fused  behind  and  forming  a  broad  ring  open  in  front,  median 
area  with  longitudinal,  X-shaped,  blackish-brown  marking,  pale- 
whitish  border  on  anterior  and  posterior  margins  of  pronotum  of 
equal  width,  lateral  parts  of  pronotum  narrowly  transparent. 
Scutellum  black,  with  a  whitish  median  triangular  stripe.    Ely- 


FiG.  4.     AUactina  ikonnikovi  sp.  nov.  ;  pronotum  of  male  type. 

tra  moderately  narrowing  apically,  brownish,  except  marginal 
and  anterior  part  of  costoradial  fields  which  are  discolored;  all 
veins  and  veinlets  whitish,  forming  a  very  dense  reticulation, 
apex  of  elytra  roundish  angular.  Wings  infumate,  with  costal 
margin  reddish  yellow ;  intercalated  triangle  very  distinct.  Ab- 
domen reddish  testaceous  above  and  below,  upper  surface  with 
indistinct  brownish  band  along  lateral  margins.  Supraanal 
plate  strongly  transverse,  broadly  triangular,  slightly  excised  on 
middle.  Subgenital  plate  symmetrical,  with  a  relatively  nar- 
row triangular  excision,  hind  margin  of  each  lobe  transverse, 
bearing  a  short,  practically  spherical  stylus,  placed  at  the  angle 
between  hind  and  external  margins  of  the  lobe.  Cerci  relatively 
long  and  slender,  reddish  testaceous.  Legs  testaceous,  structure 
typical  for  the  genus. 
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Length  of  body  about  10  millimeters;  pronotum  2.2;  elytra 
11 ;  total  length  12.6. 

The  pale-yellow  vertex  and  the  dense  whitish  reticulation  on 
the  elytra  make  this  species  easy  to  recognize. 

Genus  GRABTOBLATTA  Hebard 

GRABTOBLATTA  NITULATA  (St&l). 

Luzon,  Laguna  Province,  Los  Baiios,  May  22,  1917,  1  male. 
A  widely  distributed  species  but  previously  unknown  from  the 
Philippines. 

Genus  PACHNEPTERYX  Brunner 

A  very  distinctive  Philippine  genus  belonging  to  the  subfamily 
Ectobiinse.  Shelf ord(6)  includes  it  in  the  subfamily  Phyllodro- 
miinae  (Pseudomopinae  of  recent  authors)  but  probably  without 
actual  study  of  the  genotype,  Pachnepteryx  pruinosa  Brunner. 

The  genus  was  imperfectly  known  and  a  redescription  is  given 
below  to  supply  a  satisfactory  definition. 

Antennse  strongly  plumose  in  both  sexes.  Head  broadly  tri- 
angular, sides  strongly  convergent  toward  mouth  parts,  distinct- 
ly concave  just  below  eyes  which  are  somewhat  produced  side- 
wise;  maxillary  palpi  not  elongate,  fifth  joint  moderately 
broadened,  equal  in  length  to  third  and  slightly  longer  than 
fourth.  Pronotum  scarcely  broader  than  long,  with  a  large 
black  spot.  Elytra  corneous,  with  obscured  venation,  medio- 
cubital  field  with  longitudinal  sectors.  Wings  with  distinct  but 
not  broad  apical  triangle,  oblique  branches  of  Sc  and  R  moder- 
ately thickened,  CuA  with  only  two  complete  incurved  branches. 
Anterior  lower  margin  of  anterior  femora  armed  with  an  elon- 
gate row  of  pyliform  spinules  (type  C),  terminating  in  two  large 
distal  spines,  lower  margins  of  other  femora  sparsely  armed 
with  delicate  spines;  tarsi  with  small  pulvillus  on  each  of  four 
joints,  tarsal  claws  moderately  asymmetrical,  simple,  arolia 
large.  Supraanal  plate  strongly  transverse,  in  male  moderately 
produced,  with  rounded  hind  margin,  in  female  with  very  dis- 
tinct, narrowly  triangular  excision  in  middle ;  subgenital  plate 
in  male  asymmetrical,  irregularly  divided  by  a  deep  and  narrow 
excision  into  two  asymmetrical  projections,  without  true  styli. 

Genotype :  Pachnepteryx  pruinosa  Brunner. 

PACHNEPTERYX  PRUINOSA  Brunner. 

Luzon,  Laguna  Province,  Los  Banos,  May  5  to  15, 1917,  3  males 
and  2  females. 

64691 7 
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From  the  material  at  hand  the  following  additional  diag- 
nostic features  of  this  species  are  drawn.  Antennse  in  female 
thicker  than  in  male,  with  two  light,  broad  bands,  one  of  which 
is  whitish  and  placed  at  the  apex  of  the  widest  part,  the  second 
reddish  yellow  and  placed  in  the  apical  half  (apex  of  antennae  in 
male  missing) .  Hind  margin  of  pronotum  with  a  narrow  black 
border.  Basal  part  of  all  coxae  black.  Abdomen  black  above, 
with  a  narrow,  reddish,  lateral  border,  lower  surface  black,  sides 
reddish,  hind  margins  of  sternites  bordered  with  bluish  or 
whitish;  last  sternite  in  female  black,  lateral  part  reddish;  sub- 
genital  plate  in  male  reddish,  dextral  process  longer  than  sinis- 
tral. 

Male,  length  of  body  8  to  9.2  millimeters;  pronotum  2  to  2.2; 
elytra  8.3  to  9.2 ;  total  length  10.3  to  11.5. 

Female,  length  of  body  8.5  to  8.8  millimeters ;  pronotum  2.3 ; 
elytra  8  to  8.6;  total  length  10  to  11.4. 

Genus  PACHNEBLATTA   novum 

Allied  to  Pachnepteryx  but  differing  as  follows:  Body  much 
broader.  Pronotum  distinctly  transverse,  about  one  and  one- 
third  as  broad  as  long.  Anterior  lower  margin  of  anterior  femo- 
ra armed  with  two  or  three  long  median  spines,  succeeded  by  a 
row  of  minute  pylif orm  spinules,  and  terminating  in  three  long 
distal  spines;  tarsal  claws  slightly  unequal,  practically  symme- 
trical. 

Genotype :  Pachnepteryx  signaticollis  Stal. 

To  the  same  genus  belongs  Pachnepteryx  pallidicollis  Stal  and 
probably  P.  ventralis  Walker. 

PACHNEBLATTA  SIGNATICOLLIS   (Stal). 

Luzon,  Laguna  Province,  Los  Baiios,  April  5,  1917,  1  female; 
April  15,  1  male  and  1  female. 

Stal  (8)  in  his  description  of  Pachnepteryx  signaticollis  indi- 
cates the  female  sex,  but  Sj6stedt(7)  has  shown  that  the  type 
specimen  belongs  to  the  male  sex;  after  Sjostedt's  correction  the 
identification  of  the  species  on  the  basis  of  Stal's  short  descrip- 
tion is  not  difficult. 

A  short  redescription  of  the  species  from  the  specimens  be- 
fore me  and  a  description  of  the  hitherto  unknown  male  seems 
desirable. 

Antennae  in  female  with  a  broad  whitish  band  at  middle,  in 
male  probably  unicolorous,  black  (antennae  in  male  specimen 
partly  missing).     Head  dirty  reddish  in  male,  face  blackened 
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in  female;  vertex  in  female  testaceous,  in  male  reddish  yellow, 
occiput  with  three  black  (female)  or  reddish-brown  (male), 
median  longitudinal  stripes,  median  stripe  much  broader  and 
subdivided  into  two  stripes;  three  basal  joints  of  maxillary  palpi 
pale,  somewhat  tinged  with  brown,  two  apical  joints  black. 
Pronotum  with  a  large,  rounded,  pale  spot  on  disc,  bordered 
with  bluish  or  whitish,  and  including  a  very  distinct  design  in 
reddish  brown  (male)  or  blackish  (female),  containing  three 
narrow,  median,  longitudinal  stripes  and  many  irregular  symme- 
trically arranged  spots  and  stripes;  hind  margin  of  pronotum 
with  very  narrow  dirty-reddish,  sometimes  indistinct  border, 
lateral  parts  transparent.  Elytra  piceous,  with  very  dense,  small, 
whitish  points,  marginal  field  and  anterior  margin  of  elytra 
subhyaline.  Wings  infumate.  Lower  surface  of  abdomen  in 
male  reddish  yellow,  in  female  brownish,  with  reddish  lateral 
spots,  hind  margin  of  sternites  bordered  with  bluish.  Supra- 
anal  plate  strongly  transverse,  in  male  with  moderately  rounded 
hind  margin,  in  female  with  median  part  produced  and  triangu- 
larly excised.  Subgenital  plate  in  male  with  a  deep  median 
excision,  dextral  part  with  a  long  projection,  which  is  narrowed 
apically  and  bears  an  irregular,  indistinctly  separated  stylus, 
sinistral  part  very  short,  with  a  short  styliform  projection, 
cerci  relatively  short,  in  male  reddish  yellow,  in  female  black. 
Legs  in  male  pale  testaceous,  in  female  blackened  at  bases  of 
coxae,  upper  surface,  femora,  tibiae,  and  tarsi;  spines  pale. 

Male,  length  of  body  8  millimeters ;  pronotum  2.5 ;  elytra  10.2 ; 
total  length  12.3. 

Female,  length  of  body  9  to  9.5  millimeters ;  pronotum  2.3  to 
2.5;  elytra  9.6  to  10;  total  length  12. 

Genus  MARGATTEA  Shelford 

MARGATTEA  INVALIDA  sp.  nor.     Text  fig.  5. 

Luzon,  Laguna  Province,  Los  Baiios,  May  15,  1917,  1  male 
(N.  Ikonnikov), 

A  slender,  contrastingly  colored  species.  Head  unicolorous, 
pale  testaceous,  with  very  distinct,  pale,  ocellar  spots,  interspace 
between  eyes  relatively  broad,  equal  to  interspace  between  anten- 
nal  sockets,  maxillary  palpi  concolorous,  not  elongate,  fifth  joint 
moderately  broadened,  subequal  in  length  to  fourth,  fourth  joint 
slightly  shorter  than  third.  Antennae  one  and  one-half  times  as 
long  as  body,  black  on  entire  length,  except  for  two  basal  joints 
and  upper  part  of  third  joint  which  are  pale  testaceous,  and  a 
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narrow  stripe  on  sixth  to  eighth  joints  which  is  brownish. 
Pronotum  transverse,  one  and  one  half  times  as  broad  as  long, 
anterior  margin  slightly  rounded,  posterior  margin  between 
shoulders  straight;  disc  reddish  testaceous,  with  feeble  reddish 
tinge,  without  dark  stripes  or  spots,  lateral  parts  hyaline.  Ely- 
tra extending  far  beyond  apex  of  abdomen,  slightly  narrowing 
apically,  E  distinctly  sinuate  in  basal  half,  with  fourteen  or  fif- 
teen oblique  branches,  some  apical  branches  forked,  mediocubital 
field  with  very  slightly  oblique,  practically  longitudinal  sectors ; 
coloration  dark  brown  with  a  broad  but  apically  narrowing  pale 


Fig.  5.     Margattea  invalida  sp.  nov. ;  apex  of  abdomen  of  male  type,  ventral  view. 

border  along  costal  margin.  Wings  infumate,  with  pale-testa- 
ceous border  along  costal  margin.  Abdomen  reddish  testaceous 
below,  tinged  with  brown  above ;  supraanal  plate  strongly  trans- 
verse, hind  margin  obtusely  angulate ;  subgenital  plate  symmetri- 
cal, with  a  profound  rectangular  emargination  in  middle,  each 
lobe  triangular,  with  very  short,  practically  spherical  stylus  on 
apex  (basal  part  of  cerci  pale  testaceous,  other  part  broken  off) . 
Legs  testaceous,  anterior  lower  margin  of  anterior  femora  with 
a  single,  relatively  small  median  spine,  succeeded  by  a  long  row 
of  pyliform  spinules  terminating  in  two  large  distal  spines,  geni- 
cular spines  on  the  median  and  posterior  femora  long,  slightly 
longer  than  fourth  joint  of  maxillary  palpi;  spines  of  lower 
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margins  of  median  and  posterior  femora  not  numerous,  rela- 
tively long,  delicate. 

Length  of  body  8.1  millimeters ;  pronotum  2.1 ;  elytra  9.3 ;  total 
length  10.8. 

A  distinctive  species  easily  recognized  by  its  coloration  and  by 
the  presence  of  a  single,  elongate,  median  spine  on  the  anterior 
lower  margin  of  the  anterior  femora. 

PSEUDOMOPIN^ 
Genus  BLATTELLA  Caudell 

BLATTELLA  LITURICOLLIS  Walker. 

Luzon,  Laguna  Province,  Los  Baiios,  May  25,  1917,  1  female. 

A  widely  distributed  species;  hitherto  not  recorded  from  the 
Philippines.  The  specimen  agrees  well  with  a  typical  series 
from  southeastern  China. 

Genus  PARASYMPLOCE  Hebard 

PARASYMPLOCE  MARGINALIS  Hanitsch? 

Luzon,  Laguna  Province,  Los  Banos,  May  15,  1917,  1  female. 

The  arrangement  of  the  fulvous  border  of  the  pronotum  agrees 
with  the  description  of  Hanitsch(3)  for  P.  marginalis  from  the 
Malay  Peninsula,  but  the  disc  of  the  pronotum  is  brownish 
piceous. 

Head  brownish  f errugineous,  unicolorous ;  basal  part  of  anten- 
nae dirty  testaceous,  blackish  toward  apex.  Pronotum  with  pale- 
fulvous  border  on  the  lateral  and  anterior  margins,  disc  brownish 
piceous.  Elytra  extending  beyond  apex  of  abdomen  at  a  distance 
equal  to  pronotal  length;  coloration  castaneous,  marginal  field 
pale  fulvous ;  R  forked  slightly  before  its  middle,  with  nineteen 
oblique,  simple  branches.  Wings  infumate.  Abdomen  pale 
testaceous  below,  with  a  pair  of  lateral  brown  spots  on  each  seg- 
ment; supraanal  plate  broadly  triangular,  apex  with  a  shallow 
angular  excision.  Cerci  pale  fulvous  above,  tinged  with  brown 
below.     Legs  testaceous,  typical  for  the  genus. 

Length  of  body  13  millimeters ;  pronotum  3.3 ;  elytra  12.7 ;  total 
length  16.5. 

EPILAMPRIN/E 
Genus    EPILAMPRA    Burmeister 

EPILAMPRA  CYRTOPHTHALMA  St&l? 

Luzon,  Laguna  Province,  Los  Baiios,  May  22,  1917,  1  female. 
Stars  (8)  description  is  very  short  and  vague. 
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The  present  specimen  is  characterized  as  follows:  Colora- 
tion flavotestaceous.  Interocular-ocellar  region  and  occiput 
with  dense  brown  points  and  some  less  numerous  and  larger 
spots,  eyes  wide  apart,  interspace  between  them  a  little  narrower 
than  interspace  between  antennal  sockets  and  about  twice  as 
great  as  width  of  an  eye  on  anterior  part  of  head.  Antennse 
ferruginous.  Pronotum  with  dense  ferruginous  points,  but 
without  longitudinal  stripes  before  hind  margin.  Elytra  with 
irregular  ferruginous  fine  borders  along  actual  and  false  veins; 
R  with  some  irregular  dark-brown  spots  on  basal  half.  Lower 
surface  of  abdomen  with  relatively  dense,  ferruginous  points  and 
spots  but  without  black  lateral  spots,  cerci  pale  testaceous,  with 
extreme  apex  blackened;  supraanal  plate  roundly  triangular, 
with  a  deep  acute-angulate  median  excision.  Bases  of  tibial 
spines,  apical  parts  of  all  tibiae  and  of  tarsal  joints  blackened, 
anterior  lower  margin  of  anterior  femora  with  four  median  and 
one  apical  spines  and  one  intermediate  series  of  small  spinules, 
hind  margin  with  four  stout  spines,  hind  metatarsus  equal  in 
length  to  remaining  joints. 

Length  of  body  24  millimeters ;  pronotum  5.9 ;  elytra  22 ;  total 
length  28.5. 

EPILAMPRA  LUZONICA  sp.  nov.    Text  fig.  6. 

Luzon,  Laguna  Province,  Los  Baiios,  May  22,  1917,  2  males 
(including  type)  and  1  female  (AT.  Ikonnikov) . 

Male  pale  testaceous,  female  much  darker,  brownish  testa- 
ceous. Head  distinctly  depressed  anteriorly;  interocular  space 
with  a  black  band,  quite  flat,  seen  in  profile  forming  with  occiput 
a  very  distinct  angle,  in  male  relatively  narrow,  nearly  twice 
as  broad  as  width  of  an  ocellus,  interspace  between  antennal 
sockets  about  twice  as  broad  as  interocular  space ;  in  female  in- 
terocular space  broader,  about  three  times  as  broad  as  width  of 
an  ocellus,  interspace  between  antennal  sockets  only  one  and 
one-half  times  as  broad  as  interocular  space;  maxillary  palpi 
short,  all  three  apical  joints  subequal  in  length,  fifth  joint  slight- 
ly darkened.  Antennse  blackish  brown,  except  some  basal  joints 
which  are  pale.  Pronotum  a  little  less  than  one  and  one-half 
times  as  broad  as  long,  anterior  margin  slightly  rounded,  lateral 
portions  obtuse-angulate,  hind  margin  bisinuate,  with  median 
part  roundly  produced ;  surface  without  marked  depression,  cov- 
ered with  dense  reddish  (in  male)  or  blackish-brown  (in  fe- 
male) spots,  hind  part  with  four  longitudinal  stripes  of  same 
coloration  on  the  produced  median  part.     Elytra  in  male  sur- 
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passing  apex  of  abdomen  at  a  distance  subequal  to  pronotal 
length,  in  female  at  a  distance  equal  to  one-half  pronotal  length; 
coloration  in  male  pale  testaceous,  with  indistinct  and  sparse 
reddish  spots.  Sc  whitish  pale;  coloration  of  elytra  in  female 
pale  greenish,  with  more  distinct  and  more  numerous  reddish- 
brown  spots.  Wings  testaceous  along  costal  margin,  cinereous 
in  other  part.  Abdomen  pale,  lower  surface  with  a  pair  of  black 
spots  on  each  segment,  placed  along  lateral  margin,  and  with 
sparse,  blackish-brown  points.  Supraanal  plate  hyaline,  with 
hind  margin  semicircular,  in  male  with  a  feeble,  shallow,  obtuse, 
median  emargination,  in  female  with  deeper,  acute-angulate  ex- 


FiG.  6.     Epilampra  luzonica  sp.  nov. ;  head  of  male  type. 


cision  in  middle;  subgenital  plate  of  male  hyaline,  transverse, 
symmetrical,  with  two  very  delicate  styli,  hind  margin  obtusely 
angulate,  cerci  pale,  relatively  short.  Legs  pale,  anterior  coxa9 
with  black  basal  spot  and  less  sharp,  brownish  (male)  or  brown- 
ish-black (female)  median  spot,  tarsi  slightly  darkened;  all 
femora  in  female  with  darkened  upper  margin;  anterior  lower 
margin  of  anterior  femora  with  three  or  four  median  spines,  a 
single  apical  spine  and  an  intermediate  series  of  small  spinules ; 
hind  metatarsus  equal  in  length  to  remaining  tarsal  joints. 

Male,  length  of  body  18  millimeters ;  pronotum  4  to  4.2 ;  elytra 
17;  total  length  21.5  to  22. 

Female,  length  of  body  23  millimeters ;  pronotum  5.2 ;  elytra 
21 ;  total  length  27. 
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The   present   species   may   be   easily    distinguished    by   the 
structure  and  coloration  of  the  head. 

LITERATURE    CITED 

1.  Hanitsch,  R.     Fauna   Sumatrensis.     Blattidse.    Tijdschr.  voor  Entom. 

80   (1929)  263-302. 

2.  Hanitsch,  R.     The  blattid  fauna  of  Celebes,  based  chiefly  on  the  col- 

lections made  by  P.  and  F.  Sarasin.    Verb.  Naturforsch.  Ges.  Basel 
44    (1933)    119-150. 

3.  Hanitsch,  R.     The  Blattidse  of  Mount  Kinabalu,  British  North  Borneo. 

Journ.  Feder.  Malay  States  Museum  pt.  2   17    (1933)   297-337. 

4.  Hanitsch,  R.     Blattids  from  Java  and  northern  Australia.     Rev.  Suisse 

Zool.  41    (1934)  111-130. 

5.  Hebard,  M.     Studies  in  Malayan  Blattidae   (Orthoptera).    Proc.  Acad. 

Nat.  Sci.  Philad.  81    (1929)    1-109,  6  pis. 

6.  Shelford,  R.     Genera  Insectorum  fasc.  73.     Orthoptera,  Blattidae,  Phyl- 

lodromiinse.     (1908)   29  pp.,  2  pis. 

7.  Sjostedt,  Y.     Orthopterentypen  im  Naturhistorischen  Reichsmuseum  zu 

Stockholm.     6.  Blattidae.     Arkiv  for  Zool.  A  (15)  25  (1933)  1-17. 

8.  Stal,  C.    Orthoptera  nova  ex  Insulis  Philippinis.     Ofvers.  Kongl.  Ve- 

tensk.-Akad.  Forhandl.  No.  10   (1877)  33-58  [Blattina  pp.  33-57]. 


ILLUSTRATIONS 

TEXT  FIGURES 

Fig.  1.  Mareta  subcontigua  sp.   nov.;   apex  of  abdomen  of  female  type, 
dorsal  view. 

2.  Mareta  luzonica  sp.  nov.;  pronotum  of  male  type. 

3.  Mareta  (?)  diamesa  sp.  nov.;  anterior  femur  of  male  type. 

4.  Allactina  ikonnikovi  sp.  nov.;  pronotum  of  male  type. 

5.  Margattea  invalida  sp.  nov.;  apex  of  abdomen  of  male  type,  ven- 

tral view. 

6.  Epilampra  luzonica  sp.  nov.;  head  of  male  type. 
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BOOKS 

Books  reviewed  here  have  been  selected  from  books  received 
by  the  Philippine  Journal  of  Science  from  time  to  time  and  ac- 
knowledged in  this  section. 

REVIEWS 

Knowing  Your  Trees.  By  G.  H.  CoUingwood.  Washington,  D.  C,  The 
American  Forestry  Association,  1940.  Fourth  printing.  109  pp., 
illus.     Price,  $1. 

This  book  presents  to  the  reading  public  information  con- 
cerning the  life,  habitat,  and  characteristics  of  each  tree,  toge- 
ther with  the  botanical  features,  uses,  economic  importance, 
and  other  details  that  distinguish  one  tree  from  another.  The 
language  is  easily  understood,  as  the  use  of  technical  terms  has 
been  avoided  wherever  possible.  The  book  gives  descriptions 
of  fifty  trees  belonging  to  the  most  commonly  known  coniferous 
and  broad-leafed  species  of  the  United  States.  The  discussion 
of  each  tree  is  supplemented  by  photographs  showing  the  leaves, 
fruit,  bark,  and  frequently  one  of  the  blossoms.  The  condition 
of  the  twigs  of  the  deciduous  broad-leafed  trees  during  winter 
and  summer  are  also  shown.  The  natural  range  of  each  species 
is  shown  on  an  outline  map  of  the  United  States. 

This  book  is  recommended  to  students,  botanists,  foresters, 
and  lay  persons  interested  in  trees.  A  selected  bibliography  is 
found  at  the  end  of  the  discussion.  An  index  of  common  and 
scientific  names  facilitates  the  use  of  the  book. — P.  D. 

Kingdom  of  the  Trees.  By  Erie  Kauffman.  Chicago,  The  Reilly  and  Lee 
Company,  1940.    122  pp.,  illus.    Price,  $2. 

This  book  is  intended  particularly  for  the  boys  and  girls  of 
America.  It  is  written  in  the  form  of  a  story,  being  narrated 
by  an  old  forester  to  two  children.  The  author  has  made  the 
book  interesting  by  using  the  trees  as  characters.  Anecdotes, 
stories,  and  tales  are  skillfully  woven  into  the  narration  of  the 
life  of  the  trees,  their  importance,  requirements  for  growth,  and 
service  to  humanity.  Among  the  trees  mentioned  by  the  author 
are  the  elm  as  "The  Tree  of  Glory",  the  maples  as  the  "Tree 
Farmers"  producing  sugar,  the  fir  and  holly  as  Christmas  trees, 
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and  trees  linked  with  great  Americans.  Among  the  trees  of  the 
forest  there  are  **farmers,  doctors,  teachers,  loafers  and  kings/' 
It  is  a  book  that  will  greatly  help  a  teacher  in  his  class  in 
nature  study,  and  in  arousing  interest  among  children  in  the 
proper  care  and  regard  for  the  trees  about  them.  It  contains 
many  beautiful  illustrations.  At  the  end  of  the  book  is  a  table 
which  serves  as  a  guide  in  the  identification  of  the  trees  men- 
tioned in  the  text. — ^P.  D. 

The  Home  Book  of  Trees  and  Shrubs.     By  J.  J.  Levison.     New  York,  Si- 
mon and  Schuster,  Inc.,  1940.     424  pp.     Price,  $5. 

This  book  is  a  record  of  some  of  the  lessons  the  author  has 
gleaned  from  his  mistakes,  experiments,  and  experiences  during 
the  last  three  decades  of  active  service  as  forester  in  charge  of 
the  parks  and  street  trees  of  Brooklyn  and  New  York  City,  and 
as  consultant  to  hundreds  of  private  estates  and  institutions. 
It  is  written  in  a  popular  style,  so  that  laymen  or  amateur  gar- 
deners can  obtain  from  it  authentic  simple  information  on  the 
necessity  of  having  a  definite  plan  for  the  home  grounds; 
important  considerations  in  selecting  planting  materials;  best 
trees  and  shrubs  for  various  sites  and  locations  and  their  care; 
determination  of  what  every  tree  needs  and  how  to  supply  it; 
pruning,  repair,  and  protection  of  trees  and  shrubs;  common 
insect  pests  and  diseases,  and  how  to  control  them;  determina- 
tion of  the  need  for  a  wooded  portion  of  the  home  grounds,  its 
care,  maintenance,  and  improvement;  planning,  establishment, 
fertilizing,  seeding,  and  care  of  lawns;  use,  selection,  and 
arrangement,  of  flowering  plants;  and  the  selection  of  acces- 
sories, like  garden  furniture  and  shelters,  fences,  tennis  courts, 
and  the  like,  which  should  be  not  only  attractive,  but  also  suited 
to  the  environment. 

Descriptions  are  given  of  typical  gardens  and  popular  mis- 
conceptions and  fallacies  about  trees  and  shrubs  for  home 
ground  planting,  supplemented  with  photographs  of  views  of 
different  portions  of  the  garden. 

As  an  aid  in  the  selection  of  trees  for  planting  on  suburban 
and  country  home  grounds  the  author  classifies  the  trees  under 
four  headings;  namely,  deciduous  trees  of  the  large-growing 
kind,  deciduous  trees  of  the  small-growing  species,  large  ever- 
green trees,  and  small  evergreen  trees.  A  list  is  given  of  the 
trees  arranged  in  the  order  of  preference. 

A  working  program  for  every  month  of  the  year  is  presented. 
The  author  has  found  this  system  helpful  in  handling  the  nu- 
merous estates  in  his  charge  as  consultant. 
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Of  interest  to  the  florist  is  a  list  of  flowers,  showing  the 
color,  full  period  and  time  of  blooming,  height  of  the  plant, 
distance  of  planting,  perennial,  biennial,  or  annual  varieties,' 
light  and  soil  requirements,  and  other  information,  as  on  cut 
flowers,  easily  grown  flowers,  flowers  hard  to  keep,  and  so  on. 

The  book  contains  information  which  every  one  interested  in 
beautiful  home  grounds  should  have  as  a  ready  reference.  The 
photographs  of  homes  and  various  kinds  of  gardens  are  in- 
spiring. Insect  pests,  diseases,  individual  trees,  methods  of 
planting,  and  many  other  topics  are  illustrated  in  the  text.— P.  D. 

The  New  York  Hospital  Handbook  of  Applied  Nutrition,     Published  by  the 
New  York  Hospital.     New  York,  1939.     136  pp.,  front.,  illus. 

This  booklet  contains  menus  recommended  for  the  different 
meals  of  the  day  for  patients  under  different  conditions  of 
treatment  in  the  hospital.  The  amounts  of  the  various  items 
are  given  in  grams  as  well  as  in  terms  of  common  household 
units  of  measurement.  The  total  caloric  value,  the  calories 
for  fats,  carbohydrates,  and  proteins  are  given  for  each  group 
of  24-hour  menus.  A  special  feature  of  the  booklet  are  the  sim- 
plified standards  for  caloric  requirement  for  total  energy,  fats, 
carbohydrates,  and  proteins  which  are  given  per  kilogram  of 
body  weight,  so  that  a  general  diet  recommendation  may  be 
made  without  going  through  complicated  computations.  There 
are  appended  the  usual  tables  of  compositions  of  single  foods, 
vitamin  charts,  and  age-height-weight  tables. 

This  handbook  is  a  necessary  addition  to  every  hospital  lib- 
rary.— ^N.  C. 

Mineral  Metabolism.     By  Alfred  T.  Shohl.    New  York,  Reinhold  Publish- 
ing Corporation,  1939.     384  pp.     Price,  |5. 

This  comprehensive,  up-to-date  review  of  the  role  played  by 
each  of  the  different  inorganic  salts  in  various  metabolic  pro- 
cesses gives  a  detailed  description  not  only  of  the  mineral  com- 
position of  the  body,  but  also  of  the  inorganic  contents  of  secre- 
tions, excretions,  and  endocrines,  and  the  changes  observed  in 
the  mineral  economy  under  various  abnormal  conditions  such  as 
dehydration,  diabetes  insipidus,  Addison's  disease,  and  parathy- 
roid disturbances. 

Particular  emphasis  is  devoted  to  the  metabolism  of  calcium, 
phosphorus,  iron,  and  iodine,  whose  absorption,  intermediary 
metabolism,  and  excretion  have  been  carefully  described.  The 
pages  on  ricketts,  tetanus,  hypochromic  anaemias,  and  goitre  are 
illuminating.     Finally,  the  mineral  intake  and  mineral  require- 
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ments  at  various  ages  and  conditions  are  taken  up,  together  with 
a  description  and  critique  of  the  general  procedures  used  in 
mineral  balance  studies. — ^J.  S.  Jr. 

Vitamin  E.  A  Symposium  Held  Under  the  Auspices  of  the  Food  Group 
(Nutrition  Panel)  of  the  Society  of  Chemical  Industry  on  Saturday 
April,  22,  1939,  at  the  School  of  Hygiene  and  Tropical  Medicine,  Lon- 
don, England.  New  York,  Chemical  Publishing  Co.,  Inc.,  1940.  88 
pp.,  illus.     Price,  $2. 

This  symposium  is  an  excellent  presentation  of  a  combination 
of  publications  by  researchers  and  clinicians  in  the  basic  medical 
sciences.  The  book  is  divided  into  three  parts;  namely,  chem- 
istry of  tocopherol  or  vitamin  E ;  physiologic  action  of  vitamin 
E  and  pathology  of  avitaminosis-E ;  and  clinical  application  of 
vitamin  E  therapy. 

Vitamin  E  can  be  isolated  from  wheat-germ  oil  as  crystalline 
alcohols ;  namely,  A  and  B-tocopherol.  A-tocopherol  has  the  for- 
mula C29H5O2,  and  is  active  in  rats  at  a  dose  of  2  to  3  milli- 
grams. B-tocopherol  has  the  formula  C28H48O2,  and  is  active  at 
a  dose  of  about  5  milligrams,  y-tocopherol,  isomeric  with  and 
of  the  same  biologic  activity  as  B-tocopherol,  has  been  isolated 
from  cottonseed  oil.  Biologic  activity  is  dependent  on  the  length 
of  the  aliphatic  side  chain  and  on  the  number  of  methyl  groups 
in  the  tocopherol  molecule;  a  long  side  chain  and  the  presence 
of  three  methyl  groups  being  most  favorable  in  A-tocopheroL 
Quantitative  chemical  tests  for  the  vitamin  are  given. 

Prominent  effects  of  E  deficiency  in  rats  are  gestation  re- 
sorption in  females  and  slow  degeneration  of  spermatogenic  tis- 
sue in  males.  Other  effects  are  discoloration  of  uterus  and 
seminal  vesicles,  paralysis  of  hind  limbs,  skin  sores,  emacia- 
tion, and  death.  Attempts  have  been  made  to  explain  the  under- 
lying pathogenesis  of  the  above  defects.  Some  authors  believe 
that  vitamin  E  deficiency  is  a  simple  pituitary  deficiency. 
Others  call  attention  to  the  possibility  of  pituitary  hormone  in- 
balance  in  vitamin  E  deficiency.  Some  workers  suggest  that 
the  vitamin  acts  directly  on  the  gonads  and  thereby  indirectly 
aflfects  the  pituitary.  Studies  are  given  showing  that  placental 
transfer  of  vitamin  E  in  rats  is  negligible,  while  maternal  (mam- 
mary) transfer  is  very  limited.  A  bioassay  of  the  vitamin  is 
described. 

The  clinical  application  of  vitamin  E  therapy  was  first  tried 
in  1931,  nine  years  after  the  discovery  of  the  vitamin  in  the 
therapy  of  frequent,  noninfectious  barrenness  (sterility  and 
abortion)  in  cows  in  Denmark  with  75  per  cent  of  1,200  animals 
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becoming  pregnant.  P.  Vogt-MoUer  reported  two  series  in  man, 
one  of  20  and  the  other  of  52  cases,  of  habitual  abortion  in 
which  no  anatomical,  physiological,  or  pathological  abnormal- 
ities could  explain  the  condition.  Administration  of  wheat-germ 
oil  (3  grams  daily)  resulted  in  the  birth  of  living  children  in  17 
and  38  cases  respectively.  These  women  were  subjected  also 
to  serological  and  hormone  tests.  Their  husbands  were  found 
with  normal  spermatozoa.  Evan  Shute  claims  that  vitamin  E 
deficiency  in  women  may  be  diagnosed  by  measuring  the  resist- 
ance of  blood  sera  to  proteolysis,  in  addition  to  clinical  signs 
as  a  hypothyroid  appearance,  a  small  area  of  uterine  tenderness 
localized  in  the  placental  site,  hypertension,  albuminuria,  and 
termination  of  pregnancy  before  maturity  with  deformed  in- 
fants. The  usual  dose  recommended  is  1  to  2  drams  of  wheat- 
germ  oil  daily  or  one  3-minim  capsule  of  the  concentrate  of  the 
oil  equivalent  to  6  milligrams  tocopherol  daily  for  about  18 
weeks. — J.  S.  Jr. 

Marihuana.  America's  New  Drug  Problem.  A  Sociologic  Question  With 
its  Basic  Explanation  Dependent  on  Biologic  and  Medical  Principles. 
By  Robert  P.  Walton.  With  a  Foreword  by  E.  M.  K.  Gelling.  Phil- 
adelphia, J.  B.  Lippincott  Co.,  1938.    223  pp.,  plates.     Price,  $3. 

Dr.  Robert  P.  Walton  presents  here  in  a  scientific  and  system- 
atic manner  all  available  data  on  marihuana,  which  in  recent 
years  has  become  a  deadly  menace  in  the  United  States.  This 
monograph  gives  the  history  of  the  marihuana  vice  and  the  coun- 
tries affected  by  this  drug  habit,  with  particular  reference  to  its 
present  status  in  the  United  States.  The  source  from  which 
this  drug  is  obtained,  the  method  of  administration  and  the  ex- 
perience of  those  who  use  it  are  described  in  this  book. 

Other  topics  discussed  are  the  following:  acute  effects,  chronic 
effects,  therapeutic  application,  and  pharmaceutical  and  chem- 
ical considerations  relating  to  the  drug. 

Professor  Walton  states  that  his  book  is  primarily  a  refer- 
ence for  those  seeking  information  on  this  drug  and  the  use 
of  it.— A.  0.  C. 

Field  Trials:  Their  Lay-out  and  Statistical  Analysis.  By  John  Wishart. 
Cambridge,  England,  School  of  Agriculture,  1940.  36  pp.  Price,  pa- 
per 2s/6d. 

This  bulletin  is  a  very  handy  reference  for  beginners  in  field 
experiments  and  much  more  so  for  plant  breeders.  The  author 
wrote  it  as  nearly  as  possible  in  nontechnical  language,  and 
whatever  technical  terms  are  used  are  defined.     As  an  exposi- 
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tion  of  the  method  of  laying  out  field  trials  and  of  the  statistical 
analysis  of  the  results,  it  contains  an  introduction  to  the  meas- 
urement of  experimental  error,  test  of  significance,  method  of 
randomized  blocks,  general  method,  method  of  the  Latin  square 
layout,  multifactor  experiments,  split-pilot  experiments,  con- 
founding, and  experiments  with  a  large  number  of  varieties. 
It  likewise  serves  as  an  introduction  to  the  more  complex  prob- 
lems of  field  experimental  procedures  and  analysis  of  factorial 
experiments  and  to  other  books  which  give  detailed  methods  on 
the  subject.  References  for  further  reading  are  included  in 
this  bulletin.— M.  S.  S. 

Electrocapillarity.  By  John  Alfred  Valentine  Butler.  New  York,  Chem- 
ical publishing  Co.,  Inc.,  1940.    208  pp.,  illus.     Price,  |5. 

This  book  deals  with  the  physical  and  chemical  phenomena 
arising  from  diflTerences  of  potentials  at  the  surface  of  contact 
of  electrified  bodies.  The  subject  is  broad  in  scope,  touching 
all  points  related  to  electrodes  and  other  charged  surfaces.  It 
begins  with  the  important  discoveries  made  by  Galvani  and 
Volta,  which  later  on  became  the  object  of  further  experimenta- 
tions by  various  workers.  In  the  chapters  that  followed,  the 
different  complicated  problems  regarding  potential  differences 
under  diflFerent  conditions,  the  points  of  views  of  various  ex- 
perimenters on  their  respective  subjects  bearing  relation  to 
potential  differences,  and  the  points  of  view  of  the  author  are 
amply  discussed  and  illustrated. 

Although  the  chemistry  and  physics  of  electrodes  is  not  a 
new  science,  the  subject  as  discussed  in  this  book  is  interesting, 
not  only  because  of  the  manner  in  which  it  is  presented  and 
developed  but  also  because  the  problems  treated  have  an  im- 
portant bearing  on  industry  and  biology.  It  is  a  valuable  book, 
especially  for  those  devoted  to  the  study  of  electrochemical  phe- 
nomena.— R.  H.  A. 

Time  and  its  reckoning.  By  R.  Barnard  Way  and  Noel  D.  Green.  New 
York,  Chemical  Publishing  Co.,  Inc.,  1940.  137  pp.,  front.,  illus. 
Price,  f2. 

This  is  an  essentially  popular  account  of  how  time  has  been 
kept  throughout  the  ages.  Considerable  useful  knowledge  is 
imparted  in  a  clear  and  simple,  though  somewhat  profuse  way. 

May  we  call  attention,  however,  to  a  few  defects  or  errors 
which,  in  case  of  a  possible  second  edition,  we  hope  to  see  cor- 
rected?   On  page  27,  in  speaking  of  the  proposed  reform  of  the 
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calendar,  reference  is  made  only  to  the  thirteen-month  scheme 
and  not  to  the  revision  retaining  twelve  months  which  seems 
more  in  favor  at  present.  On  page  115,  bottom  line,  the  word 
"meridian"  should  be  "latitude."  The  account  of  the  new  and 
very  important  quartz  crystal  chronometers  should  have  been 
more  ample.  Finally,  we  hardly  think  that  the  very  small  and 
elementary  chapter  on  the  nature  of  time  at  the  end  of  the  book 
suffices  to  fulfill  the  promise  made  at  the  beginning  to  treat  the 
metaphysical  aspect  of  time. — C.  E.  D. 
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GLEICHENIACE-ffi  OF  NEW  GUINEA 

By  Edwin  B.  Copeland 
Of  the  University  of  California,  Berkeleyf  California 

SIX  PLATES 

The  genus  Gleichenia,  construed,  as  has  long  been  the  prac- 
tice, to  include  almost  the  entire  family  Gleicheniaceae,  is  a 
natural  genus,  just  as  Trichomanes  would  be  if  made  to  include 
all  Hymenophyllaceae.  But  it  is  very  diversified,  and  is  becoming 
inconveniently  large.  It  should  be  broken  up,  if  the  resulting 
genera  can  be  likewise  natural  and  easily  recognized.  This  hap- 
pens to  be  easy ;  and,  being  so,  it  has  been  done,  in  part,  earlier 
but  thoroughly  by  Presl.  Christensen  ^  has  revived  some  of  the 
old  names,  recognizing  5  genera.  In  the  following  treatment 
of  the  New  Guinea  species  I  follow  Christensen,  except  for  the 
resurrection  of  one  more  Preslian  genus,  Hicriopteris.  The  fa- 
mily then  includes  2  monotypic  genera  with  simple  pinnate 
fronds,  besides  the  4  following,  represented  in  New  Guinea. 

Key  to  the  New  Guinea  genera  of  Gleicheniacese. 

a  \  Segments  minute,  round  or  roundish 1.  Gleichenia. 

a^.  Segments  much  larger  and  longer. 

6  \  Fronds  pectinate    (once-pinnate)   above  highest  fork. 

c  \  Veinlets  several,  sporangia  more  than  6 2.  Dicranopteris, 

c'\  Veins  once-forked,  sporangia  up  to  6 3.  Sticherus. 

b'^.  Frond  bipinnate  above  last  fork 4.  Hicriopteris, 

1.  Genus  GLEICHENIA  Smith 

Frond  bipinnate  or  more  compound;  segments  minute,  round 
or  ovate ;  sori  usually  composed  of  3  or  4  sporangia.  A  small  ge- 
nus of  the  Oriental  Tropics  and  farther  south.    Platyzoma, 

'Verdoorn's  Manual  of  Pteridology   (1938)   530. 
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with  one  Australian  species,  differs  in  having  a  narrowly  linear 
frond,  the  segments  borne  on  the  primary  rachis. 

Key  to  the  New  Guinea  species  of  Gleichenia, 

a\  Segments  cucullate,  with  small  opening  beneath 1.  G.  circinnata, 

a^.  Segments  bullate,  neither  surface  exposed. 

b\  Lamina  bearing  peltate  scales  beneath 2.  G.  peltophora, 

b  ^  Lamina  without  peltate  scales 3.  G.  squamosissima. 

1.  GLEICHENIA  CIRCINNATA  Swartz. 

Brass  1262^,  altitude  2,150  meters  in  Sphagnum,  This  speci- 
altitude  2,400  meters.  Long  reported  from  New  Guinea.  Re- 
port of  G.  dicarpa  in  New  Guinea  probably  refers  to  what  is 
here  called  G.  circinnata. 

South  to  New  Zealand ;  occurrence  in  Philippines  and  Malaya 
is  subject  to  confirmation. 

2.  GLEICHENIA  PELTOPHORA  Copeland. 

Gleichenia    borneensis    (Baker)    C.    Christen  SEN,    Gardens'    Bull.    7 
(1934)  211. 

Brass  1262 Jf,  altitude  2,150  meters  in  Sphagnum.  This  speci- 
men has  small,  appressed,  brown  palese  on  the  axes;  these  are 
found  on  the  buds  of  the  type  collection,  but  are  caducous  or 
absent  elsewhere. 

Mindanao,  Mount  Matutum.    Borneo,  Mount  Kinabalu. 

3.  GLEICHENIA  SQUAMOSISSIMA  Copeland  sp.  nov.    Plate  1. 

Rhizomate  late  repente,  2  mm  crasso,  castaneo,  lignoso,  pa- 
leis  fuscis  cinerascentibus  deciduis  subvestito;  stipite  10  cm 
alto,  1.5  ad  2  mm  crasso,  deorsum  castaneo  mox  nudo,  sursum 
paleis  cinerascentibus  appressis  laceris  vestito,  tum  demum  plus 
minusve  glabrescente  et  asperulo;  lamina  usque  ad  25  cm  alta, 
rigida,  erecta,  bipinnata,  haud  furcata;  rhachi  ubique  dense  pa- 
leacea,  paleis  majoribus  2  ad  3  mm  longis  ovatis  patentibus  mar- 
gine  mox  laceris  albidis,  minoribus  et  minutis  appressis  varie 
dissectis;  pinnis  2  ad  4  cm  longis,  circa  2  mm  latis,  erecto- 
patentibus,  ad  costam  crassam  pinnatis,  costa  superne  decidue 
fibrillosa,  inferne  paleis  circa  1  mm  longis  ovatis  acuminatis 
ferrugineis  laceris  segmenta  occultantibus  immersa;  segmentis 
vix  1  mm  longis  latisque,  compresso-contiguis,  subsphaerice  bul- 
latis,  superne  in  herbario  sculpturatis. 

Dutch  New  Guinea,  Lake  Habbema,  altitude  3,225  meters, 
"covering  dry  ridge  points  on  open  grassland,''  Brass  No.  9182, 
type ;  No.  9082,  "Alpine  grassland,  covering  the  ground  on  slopes 
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of  well  drained  Ridges/'  Also,  Morobe  district,  altitude  9,000 
to  10,000  feet,  in  open  grassland,  Clemens  99S3, 

Near  G.  vulcanica  Blume,  but  much  more  scaly  than  the  Java 
plant,  and  the  main  axis  strictly  undivided.  I  would  not  be  sure 
by  the  descriptions,  by  Blume,  or  by  Mettenius  ^  as  to  the  palese 
of  costa;  but  on  such  Java  specimens  as  are  available  it  is  per- 
sistently scaly  only  near  the  base,  and  there  and  on  the  rachis 
far  less  densely  than  on  G.  squamosissima. 

Brass  No.  4314,  from  Mount  Albert  Edward,  identified  by 
Christensen  as  **G.  vulcanica,  unbranched  form,"  is  less  scaly 
than  the  plants  here  described,  more  so  than  those  of  Java.  It 
seems  to  me  that  all  New  Guinea  specimens  known  represent  one 
species,  distinct  from  that  of  Java. 

2.  Genus  DICRANOPTERIS  Bernhardi 

Veinlets  more  than  once-forked;  sori  of  multiple  (more  than  6 
in  full  fruit)  sporangia ;  rhizome  and  fronds  hairy  or  naked,  not 
paleate ;  frond  pinnate,  or  forked  at  top  of  stipe,  then  repeatedly 
forked  in  full  development,  with  a  pair  of  "stipules"  subtending 
each  forking  except  last  forkings,  only  the  stipules  and  the  ul- 
timate divisions  of  the  frond  foliaceous.  A  small  genus  if  D. 
linearis  is  broadly  construed,  a  fairly  large  genus  if  its  many 
forms  are  treated  as  species.  Pantropic,  a  little  beyond  the 
Tropic  of  Cancer,  and  south  to  New  Zealand;  not  particularly 
developed  in  New  Guinea. 

Key  to  the  New  Guinea  species  of  Dicranopteris, 

a^.  Segments  naked  or  practically  so 1.  D,  linearis. 

a^.  Segments  more  or  less  rusty-felty 2.  D.  ferruginea. 

1.  DICRANOPTERIS  LINEARIS   (Burm.)  Underwood. 

Brass  12319,  altitude  1,700  meters,  naked  and  glaucous  be- 
neath; No.  8807,  altitude  10  to  100  meters,  naked,  slightly  glau- 
cous, much-branched,  segments  narrow.  The  two  collections 
seem  specifically  distinct. 

2.  DICRANOPTERIS  FERRUGINEA  (Blume)   Copeland  comb.  nov. 

Mertensia  ferruginea  Blume,  Enum.  (1828). 

Brass  8961,  8980,  Hollandia,  altitude  20  to  100  meters.  Brass 
5519,  received  as  Gleichenia  laevigata,  is  essentially  like  this  spe- 
cies as  represented  in  Java.  G.  linearis  var.  subferruginea 
Hieron.,3  from  German  New  Guinea,  New  Ireland,  and  the  Solo- 

^Ann.  Ludg.  Bat.  1    (1863)  46. 
^Engler^s  Jahrb.  56    (1920)   209. 
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mon  Islands,  is  described  as  differing  in  that  its  rusty  felt  is 
broader  and  mostly  confined  to  the  costulse. 

3.  Genus  STICHERUS  Presl 

Sticherus  Presl,  Tent.   (1836)   51;  Christensen  in  Verdoorn,  Man. 
Pterid.   (1938)   530. 

Rhizome  and  frond  paleaceous  or  glabrescent;  frond  in  ty- 
pical development  pinnate  or  bipinnate,  its  subsequent  division 
pseudodichotomous,  the  growth  of  the  terminal  bud  being  sup- 
pressed above  each  node ;  foliar  segments  borne  on  ultimate  axes 
and  usually  on  one  to  three  preceding  internodes,  nodes  without 
stipulelike  appendages;  veins  once-forked;  sori  of  1  to  6  (most 
commonly  4)  sporangia.  A  large  genus,  throughout  the  Oriental 
and  American  Tropics. 

The  genus  is  distinct  and  easily  recognizable,  but  its  name  has 
the  least  possible  sanction.  I  have  resurrected  a  number  of 
PresFs  names  for  genera  founded  on  accidental  or  illusory,  not 
to  say  wholly  imaginary  characters,  always  on  the  basis  of  a 
fixed  type  species.  With  more  misgivings,  I  do  this  again,  for 
Hicriopteris,  But  the  case  for  Sticherus  is  weaker.  Presl 
avowedly  had  seen  no  specimen,  and  mistrusted  this  genus 
even  before  its  publication. — "Generibus  quatuor  notis  duo  alia 
addidi,  quorum  posterius  a  me  tantum  suspicatur,  cum  hucus- 
que  nullum  specimen  vidi."'* — he  ignored  it  later  in  publishing 
Hicriopteris ;  his  diagnostic  character,  reticulate  venation,  is 
imaginary;  and  it  is  ambiguously  typified.  Two  species  are 
cited  after  the  diagnosis,  of  which  the  first  is  S.  laevigatus 
(Mertensia  laevigata  Willd.)  ;  therefore  this  specimen  may  be  ac- 
cepted as  the  type.  But  the  other  species  is  a  Dicranopteris, 
and  this  happens  to  be  the  one  singled  out  in  the  diagnosis  as 
having  reticulate  veins.  I  adopt  this  name  under  the  circum- 
stances because  the  genus  has  never  received  another,  and  be- 
cause Christensen  precedes  me  in  its  adoption. 

The  ramification  of  the  frond  of  the  Gleicheniacese  is  altoge- 
ther peculiar,  only  Lygodium  having  some  resemblance  to  it. 
The  application  to  this  leaf  of  terms  having  a  definite  meaning 
as  applied  to  the  leaves  and  to  the  stems  of  other  plants  has 
resulted  in  confusion,  and  in  great  difficulty  in  the  interpreta- 
tion of  descriptions.  The  fronds  have  commonly  been  said  to 
be  dichotomous;  but,  writing  accurately,  they  are  pseudodicho- 

''Tentamen   (1836)   47. 


75,4  Copeland:  Gleicheniacese  of  New  Guinea  351 

tomous.  The  bud  above  the  apex  of  an  internode  (here  we  use 
a  term  usually  applied  to  stems),  representing  the  continuation 
of  the  axis,  is  suppressed,  and  at  its  sides  develop  a  pair  of 
axes,  which  are  really  (sub-)  terminal  pinnae. 

To  apply  to  the  frond  plan  usual  in  Sticherus,  Diels  -'  invented 
the  section  name  Holopterygium,  one  of  four  sections  of  his 
Gleichenia.  Later  I  added  a  fifth  section,  Protogleichenia,  sup- 
posed to  be  characterized  by  the  continued  development  of  a 
series  of  these  buds,  producing  a  typically  pinnate,  or  even- 
tually bipinnate  frond.  Actually,  of  Diels's  sections,  Diploptery- 
giuTYi  is  a  natural  group  of  species,  the  genus  Hicriopteris ;  He- 
teropterygium  is  also  a  natural  group,  a  part  of  the  genus 
Dicranopteris ;  Acropterygium  is  not  such  a  group,  but  repre- 
sents a  frond  plan  found  in  Gleichenia,  Dicranopteris,  and 
Sticherus,  And  my  Protogleichenia,  as  distinguished  from  Holo- 
pterygium,  does  not  represent  a  group  of  species  at  all;  it  is  a 
development  of  which  very  many  species  are  capable,  of  which 
Holopterygium  is  merely  an  arrested  state,  apparently  too  com- 
mon in  herbaria,  where  the  full  development  of  large  fronds 
is  likely  not  to  be  shown. 

At  least  in  the  Oriental  Tropics,  Sticherus  in  full  development 
has  bipinnate  fronds.  After  the  development  of  several  pairs 
of  pinnse,  and  one  or  a  few  pairs  of  pinnules  on  each  of  them, 
the  terminal  buds  cease  to  develop,  and  a  series  of  pseudodicho- 
tomies  follows.  According  to  its  degree  of  individual  develop- 
ment, the  frond  may  represent  Holopterygium  and  not  appear 
pinnate  at  all,  or  it  may  be  once-  to  thrice-pinnate,  and  the 
branches  may  then  be  pseudodichotomous  (strictly,  still  pin- 
nate) once  to  as  many  as  five  times.  I  have  confidently  identi- 
fied as  S.  habbemensis,  presently  to  be  described,  fronds  without 
any  rachis,  forked  at  the  top  of  the  stipe  and  only  once  more 
(these  plants  dwarfed,  not  juvenile),  and  others  more  typically 
developed,  with  axial,  secondary,  and  tertiary  rachises,  followed 
by  forkings.  Describing  species  capable  of  such  varied  develop- 
ment, such  words  as  pinnule  are  meaningless,  and  their  use,  un- 
less they  are  defined  for  this  application,  is  merely  confusing. 
If  I  have  misconstrued  some  published  species,  this  is  my  apology, 
that  I  do  not  understand  the  terms  of  the  descriptions. 

At  the  end  of  the  series  of  divisions,  few  or  many,  of  the 
frond,  we  find  uniformity.  The  paired  axes  springing  from  the 
last  forking  are  foliose,  pectinate.     I  term  their  divisions  seg- 

■^  Pflanzenf  amilien  1  4    (1902)   333. 
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ments;  in  the  descriptions  they  have  been  called  variously, — 
segments,  laciniae,  pinnules,  and  lobes.  They  are  linear  in  most 
species  of  Sticherus.  The  axis  of  a  segment  is  the  costule.  It 
bears  the  veins,  which  are  uniformly  once-forked  in  Sticherus. 
The  sori  are  dorsal  on  the  acroscopic  veinlet,  round  (puncti- 
form),  small,  and  exindusiate.  In  the  other  genera  of  the  fa- 
mily segments  are  borne  only  on  the  ultimate  axes  of  the  frond. 
In  Sticherus  they  are  usually  produced  below  the  last  forking, 
most  commonly  on  two  internodes,  as  well  as  above  the  last  node. 

Key  to  the  New  Gtiinea  species  of  Sticherus. 

a  \  Segments  ovate  or  broader. 

b  \  Segments  under  1  cm  long 1.  S,  bolanicus. 

5^  Segments  2  cm  long 2.  O.  monticola. 

a  ^  Segments  narrow,  commonly  linear. 
b  \  Segments  naked  or  soon  glabrescent. 

c\  Height  under  60  cm,  branches  suberect 3.  S.  erectiis, 

c^.  Normally  larger,  branches  divaricate. 

d\  Segments  green  beneath 4.  S.  laevigatus, 

d^.  Segments  glaucous  beneath.. 5.  S.  hirtus, 

b^.  Segments  setulose,  at  least  on  costules. 

c\  Sporangia  slightly  impressed 6.  G,  Warburgii, 

c^  Sori  superficial. 

d\  Rachises  with  dense  indument 7.  S,  candatus. 

d^.  Rachises  paleate  or  glabrescent. 

e\  Segments  green  beneath 4.  iS.  laevigatus, 

6  \  Segments  more  or  less  glaucous. 

f\  Frond  papyraceous  ^ - 5.  S.  hirtus, 

f^.  Frond  coriaceous  8.  S.  habbemensis. 

a®.  Costules  paleate  beneath. 

6  \  Segments  somewhat  deflexed 9.  S,  refiexipinnulus. 

b  ^  Segments  horizontal  or  ascending. 

c  \  Segments  confined  to  ultimate  branches. 

d\  Subcoriaceous,  segments  13  mm  long 10.  S,  pulcher, 

d^.  Coriaceous,  segments  25  mm  long 11.  S.  pseudoscandens, 

c  ^  Segments  present  on  upper  internodes. 
d\  Segments  not  over  2  mxa  wide. 

e\  Veins  very  salient  beneath 12.  S.  venosus. 

e  ^  Veins  merely  evident 13.  S.  lamianus, 

d\  Segments  3  mm  wide  or  wider. 

e  \  Palese  on  ultimate  axes  3  mm  long 14.  5.  vestitus. 

e  ^  Palese  shorter  or  deciduous 15.  5.  Brassii, 

X,  STICHERUS  BOLANICUS    (Ros.)    Copeland  comb.  nov. 

Gleichenia  bolanica  Rosenstock,  Fedde's  Repert.  12   (1913)   16. 
Gleichenia  subulata  VAN  Alderwerelt  van  Rosenburgh,  Nova  Guinea 
14   (1924)   23. 

Brass  Nos.  90U,  9626,  9655, 10123,  altitude  3,225  to  3,700  me- 
ters, in  forest  and  in  grass.     Also,  Nos.  4387,  4633,  Central  Di- 
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vision.^  The  type  is  from  Bolan,  altitude  3,400  to  3,800  meters, 
represented  in  Herb.  Univ.  Calif,  by  a  fragment  and  by  the 
author's  tracing. 

G.  subulata  seems  by  its  description  to  differ  in  no  respect 
from  the  varying  specimens  in  hand;  it  is  from  "foot  of  Door- 
man Summit,"  altitude  3,250  meters. 

2.  GLEICHENIA  MONTICOLA  Ridley. 

Collected  at  the  same  altitude  and  in  the  same  region,  this 
appears  to  differ  from  S.  bolanicus  only  in  having  ovate  seg- 
ments 2  cm  long. 

3.  STICHERUS  ERECTUS  (C.  Chr.)  Copeland  comb.  nov. 

Gleichenia  erecta  C.  Christensen,  Brittonia  2  (1937)  269. 

Brass  Jf591,  4190,  Wharton  range,  Central  Division,  altitude 
2,840  meters,  in  open  grassland.  I  mistrust  a  dwarf  species, 
but  this  can  hardly  be  a  stunted  form  of  S.  hirtus.  Its  firmer 
texture  could  be  correlated  with  dwarfing,  but  the  paleae  of  its 
axes  are  uniformly  more  entire,  and  the  segments  are  relatively 
long. 

4.  STICHERUS  LAEVIGATUS  (Willd.)  Presl. 

liong  reported  from  New  Guinea;  but  I  have  no  specimens 
which  match  well  those  from  Java. 

5.  STICHERUS  HIRTUS   (Blume)  Copeland  comb.  nov. 

Gleichenia  hirta  Blume,  Enum.  (1828)  250. 

Gleichenia  dolosa  Copeland,  Perkins'  Fragmenta  3  (1905)  193,  pi  U  C. 

Gleichenia   amboinensis   VAN   Anderwerelt  van   Rosenburgh,   Bull. 

Dept.  Agr.  Ind.  Neerl.  18  (1908)  3. 
Gleichenia  ornamentalis  RosENSTOCK,  Nova  Guinea  8  (1912)  715. 
Gleichenia  Candida  Rosenstock,  Fedde's  Repert.  5   (1908)   33. 

Brass  12i68,  altitude  2,150  meters,  "the  principal  species  in 
the  fern  cover  on  a  land  slip  in  the  mossy  forest,''  the  segments 
perfectly  naked.  King  188,  Goodenough  Bay,  altitude  1,200  me- 
ters, segments  strongly  but  deciduously  white-setose  beneath. 
Schlechter  198^2,  Kaiser  Wilhemsland,  altitude  900  meters, 
very  slightly  setose  beneath,  and  now  without  palese  on  the  ul- 
timate axes.  Werner,  Ros,  Fil.  novog.  exsicc,  H,  Mount  Gelu, 
altitude  1,700  meters,  type  collection  of  G.  Candida,  perfectly 
naked  and  very  glaucous  beneath.  Werner  s,  n.,  received  from 
Rosenstock  as  (?.  Candida  Ros.  forma,  typical  S.  hirtus,  with  de- 
ciduous, linear,  strongly  ciliate  palese  on  the  axes.     Carr  14572, 

'  Christensen,  Brittonia  2  (1937)  270. 
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Beridi,  altitude  6,000  feet,  ''Gleichenia  dolosa  var.  virescens 
Hieron.,"  typical  but  not  very  glaucous.  Brass  492^,  Mount 
Taf a,  Central  Division,  altitude  2,400  meters ;  Christensen  '^ 
would  hold  this,  as  G,  amboinensis,  distinct  from  S.  hirtus,  but  I 
can  see  no  difference  from  forms  of  the  latter.  Knowing  this 
fern  well  in  the  field,  and  being  familiar  with  its  variability  in 
single  thickets,  I  include  in  it  extreme  forms  which  I  would  be 
likely  to  describe  as  distinct  species  if  I  knew  them  only  by  the 
extremes  in  the  herbarium. 

6.  GLEICHENIA  WARBURGII  Christ. 

Reported  in  New  Guinea  by  v.  A.  v.  Rosenburgh  on  the  basis 
of  Lam  1896,  Doorman  river,  altitude  200  meters.  I  have  this 
specimen,  and  do  not  know  the  species  more  authentically. 
Quite  surely  the  same  is  Werner,  Ros.  Fil.  novog.  exsicc.  5^, 
from  Mount  Gelu,  altitude  1,000  meters,  received  as  G.  laevigata 
var.  bracteata  (Bl.),  a  name  of  which  I  do  not  know  the  origin. 

7.  STICHERUS  CAUDATUS  Copeland  sp.  nov.    Plate  2. 

Rhizomate  1  cm  crasso,  paleis  atrocastaneis  linearibus  6  mm 
longis,  rigidis,  subintegris  vestito;  stipite  45  cm  alto,  5  mm 
crasso,  fusco,  deorsum  glabrato  et  verruculoso,  sursum  indu- 
mento  appresso-flocculoso  turn  demum  deciduo  vestito;  fronde 
pinnata,  pinnis  bis  furcatis,  rhachibus  indumento  cinereo  ves- 
titis;  gemmis  dormantibus  paleis  castaneis  1.5  ad  2  mm  longis 
basibus  ciliatis  apicibus  setif ormi-protractis  vestitis ;  costis 
superne  pilis  albis  crinitis  vestitis,  sursum  glabrioribus,  inferne 
et  setis  albis  contortis  et  paleis  parvis  castaneis  basibus  ovatis 
ciliatis  apicibus  setif ormibus  longis  ornatis;  ramis  ultimis  15 
ad  20  cm  longis,  3  ad  4  cm  latis,  anguste  caudatis,  internodio  uno 
tantum  plerumque  segmentif ero ;  segmentis  adscendenti-patenti- 
bus,  ob  margines  revolutos  vix  2  mm  latis,  coriaceis,  costulis  in- 
ferne pilis  albidis  crinitis  ornatis ;  soris  medialibus,  confluentibus, 
sporangiis  circa  4. 

Dutch  New  Guinea,  Brass  No.  124-66;  "One  clump  0.75  m. 
high,  on  an  open  rock  side  at  2,150  m.  18  Km.  SW.  of  Bern- 
hard  Camp,  Idenburg  River." 

Well  characterized  by  its  various  pubescence,  particularly  by 
the  dark-brown  component  of  it.  Gleichenia  caudata  Copeland, 
of  Fiji,  is  a  Dicranopteris. 

'Christensen,  Brittonia  2   (1937)   270. 
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8.  STICHERUS  HABBEMENSIS  Copeland  sp.  nov.     Plate  3. 

Rhizomate  3  ad  4  mm  crasso,  paleis  sparsis  fuscis  1.5  mm 
longis  anguste  ovatis  turn  demum  deciduis  et  tubercula  sat 
magna  reliquentibus  vestito;  stipite  usque  ad  80  cm  alto,  3  mm 
crasso,  castaneo,  basi  paleaceo  alibi  glabro;  fronde  grande,  bis 
vel  ter  pinnata,  deinde  bis  furcata,  gemmis  dormantibus  dense, 
rhachibus  inferioribus  sparse,  superioribus  non  dense  paleis  2 
mm  longis  lanceolatis  castaneis  pallide  ciliatis  vestitis;  ramo 
ultimo  usque  ad  30  cm  longo,  penultimo  4  ad  6  cm  longo  f  oliaceo, 
proximo  2  ad  3  em  longo  interdum  f oliaceo;  segmentis  horizon- 
talibus,  majoribus  2  cm  longis,  2.5  ad  3  mm  latis,  coriaceis, 
inferne  glaucis,  margine  plerumque  deflexo,  costula  inferne  et 
squamulis  omnino  dissectis  et  fibrillis  vix  persistentibus  vestita, 
venis  marginibusque  setulis  caducis  adspersis;  soris  superficia- 
libus,  sporangiis  4  vel  5. 

Dutch  New  Guinea,  Brass  No.  10569,  type,  9  kilometers 
northeast  of  Lake  Habbema,  altitude  2,800  meters,  '^plentiful  on 
wet,  clayey  soil  of  landslips;''  No.  11588,  Bele  River,  altitude 
2,200  meters,  '^abundant  in  open  second  growths ;  erect  or  short- 
ly scrambling;'*  No.  9100,  Lake  Habbema,  altitude  3,225  meters, 
^'abundant  in  moist  gullies,"  a  depauperate  form,  total  height 
20  to  80  cm,  with  one  pair  of  once-forked  pinnse. 

9.  STICHERUS  REPLEXIPINNULUS  (C.  Chr.)  Copeland  comb.  nov. 

Gleichenia  reflexipinnula  C.  Christensen,  Brittonia  2   (1937)   271. 

Brass  48^7,  Mount  Tafa,  Central  Division,  altitude  2,700  me- 
ters. 

10.  STICHERUS  PULCHER  Copeland  sp.  nov.     Plate  4. 

Fronde  bipinnata;  rhachi  1.5  mm  crassa,  castanea,  paleis  mi- 
nutis  perpaucis  adspersa  aliter  (sub  oculo  nudo  omnino)  glabra; 
rhachibus  secundariis  gracilioribus ;  pinnulis  infimis  pectinatis, 
sequentibus  furcatis,  rhachibus  tertiariis  circa  2  cm  longis  seg- 
mentis carentibus,  gemmis  dormantibus  minutis,  ramis  ultimis 
solummodo  segmentiferis,  usque  ad  20  cm  longis  et  25  mm  latis, 
vix  ad  costam  pectinatis,  superne  glabris,  costa  inferne  ad  latera 
paleis  inconspicuis  vix  1  mm  longis  attenuatis  ciliatis  vestita; 
segmentis  fere  horizontalibus,  circa  3  mm  latis,  apice  rotundatis ; 
subcoriaceis  costulis  paleis  minutis  sublaceris  ferrugineis  sub- 
deciduis  ornatis,  venulis  minute  stellato-fibrillosis  deinde  gla- 
brescentibus ;  soris  medialibus,  parvis,  sporangiis  plerumque  4, 
rarius  3  vel  5. 
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Dutch  New  Guinea,  Brass  No.  12351,  "Scrambling  in  mossy 
forest  serai  growth  at  1650  m,  glaucous  beneath;  15  Km  SW. 
of  Bernhard  Camp,  Idenburg  River/' 

In  the  specimen  the  glaucousness  is  inconspicuous.  The  most 
conspicuous  character  of  the  species  is  the  restriction  of  the 
segments  to  the  ultimate  axes.  It  is  also  remarkable  for  its 
very  slender  rachises. 

11.  STICHERUS  PSEUDOSCANDENS   (v.A.v.R.)   Copeland  comb.  hot. 

Gleichenia  pseudoscandens  van  Alderwerelt  van  Rosenburgh,  Nova 
Guinea  14  (1924)  23. 

Doorman  Top,  altitude  2,480  meters,  Lam  1935,  in  Herb.  Univ. 
Calif.  Darker,  more  firm,  larger,  and  more  glabrescent  than  S. 
puLcher. 

12.  STICHERUS  VENOSUS  Copeland  sp.  nov.    Plate  5. 

Rhizomate  stipiteque  3  mm  crassis,  castaneis,  glabrescentibus ; 
fronde  pinnata  vel  bipinnata,  deinde  ter  vel  quater  furcata, 
rhachibus  non  segmentiferis  glabrescentibus,  nodis  inferioribus 
stipulis  parvis  dissectis  donatis,  gemmis  dormantibus  plerisque 
obsoletis,  ramo  ultimo  et  internodiis  1  ad  3  segmentiferis,  ramo 
ultimo  usque  ad  25  cm  longo,  3  cm  lato;  costis  paleis  ovatis  0.6 
mm  longis  sparsis  mox  disruptis  vestitis  deinde  glabrescentibus; 
segmentis  horizontalibus,  2  mm  latis,  apice  rotundatis,  margine 
deflexis,  chartaceis;  costulis  inferne  paleis  pallidis  ovatis  de- 
mum  fimbriatis  densis  et  interdum  complexis  vestitis;  venis 
inferne  insigniter  praestantibus ;  soris  medialibus,  sporangiis 
circa  4. 

Dutch  New  Guinea,  Brass  No.  123^8,  type ;  "Frequent  in  open 
places  in  the  mossy  forest  at  1650  m,  scrambling  to  2-3  m; 
glaucous  beneath;  15  Km.  SW.  of  Bernhard  Camp,  Idenburg 
River;"  No.  12467,  "Associated  with  No.  12468  (S.  hirtus)  on  a 
landslip  in  the  mossy  forest  at  2150  m  up  to  1  m  high  and  of 
weak  habit."  Here  also  Brass  ^797,  from  Vanapa  Valley,  Cen- 
tral Division,  distributed  as  G.  laevigata. 

Conspicuously  characterized  by  the  salient  venation.  G.  lae- 
vigata has  fine  veins  and  much  less  scaly  costulse.  Still  other 
distinct  species  from  Borneo  and  the  Philippines  bear  this  name 
in  herbaria. 

13.  STICHERUS  LAMIANUS  Copeland  »p.  nor.    Plate  6. 

Stipite  ad  basi  9  mm  crasso,  paleis  rufo-castaneis  usque  ad 
12  mm  longis  lanceolatis  valde  attenuatis  subintegris  immerso, 
sursum  glabrescente,  purpureo-fusco,  verruculoso;   fronde  bi- 
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pinnata,  pinnulis  quater  furcatis,  ramo  ultimo  et  internodiis  dos 
segmenta  gerentibus,  gemmis  dormantibus  parvis  vel  obsoletis; 
ramis  ultimis  20  ad  25  cm  longis,  2  ad  2.5  cm  latis,  vix  ad  costas 
pectinatis,  costa  inferne  paleis  lanceolatis,  acuminatis,  1  ad  1.5 
mm  longis  cinereis  plus  minusve  araneoso-marginatis  ornata, 
apicem  versus  glabra ;  segmentis  fere  horizontalibus,  2  mm  latis, 
apice  rotundatis,  margine  leviter  deflexis,  papyraceo-coriaceis, 
inferne  subglaucis,  costulis  paleis  albidis  araneoso-dissectis 
ornatis;  soris  medialibus,  sporangiis  3  vel  4. 

Dutch  New  Guinea,  Brass  No.  114-55,  type;  "One  clump  in 
open  undergrowth  under  oaks;  erect  or  suberect  to  2  meters. 
Bele  River,  18  Km  NE.  of  Lake  Habbema,  alt.  2350  m."  Also, 
Lam  No,  19^5,  rug  near  Doorman  Top,  altitude  2,400  meters,  re- 
ceived as  G,  ornamentalis  Rosenst.  var.  lanuginosa,  det.  v.  A.  v.  R. 

14.  STICHERUS  VESTITUS   (Blume)  Copeland  comb.  nov. 

Gleichenia  vestita  Blume,  Enuni.  (1928)  249. 

Reported  here  by  Ridley;^  I  have  seen  no  New  Guinea  spe- 
cimen. 

15.  STICHERUS  BRASSII  (C.  Chr.)  Copeland  comb.  nov. 

Gleichenia  Brassii  C.  Christensbn,  Brittonia  2  (1937)  271. 

Brass  ^922,  Mount  Tafa,  Central  Division,  altitude  2,400  me- 
ters. Somewhat  like  S.  pseudoseandens  in  aspect,  but  with  light- 
brown  scales  on  the  dormant  buds,  and  segments  on  the  highest 
internodes. 

4.  Genus  HICRIOPTERIS  Presl 

Hicriopteris  Presl,  Epim.   (1849)  26. 

Ultimate  main  divisions  of  the  frond  paired  and  bipinnate, 
segments  borne  only  on  their  numerous  divisions ;  like  Stichems 
in  palese,  venation,  and  sori.  A  small  genus  of  very  large  ferns, 
of  the  Tropics  and  northward  to  Japan. 

This  group  of  species  is  evidently  a  natural  one,  and  is  excep- 
tionally easy  to  recognize;  therefore,  to  leave  Stichems  smaller 
and  more  uniform,  it  is  expedient  to  regard  Hicriopteris  as  a 
distinct  genus.  I  adopt  Presl's  name  on  the  supposition  that  his 
one  species,  H.  speciosa,  is  really  the  same  he  described  one  page 
previously  as  Mertensia  gigantea,  and  that  his  distinctive  char- 
acters, twice-forked  veins  with  marginal  anastomoses,  were  il- 
lusions. It  is  my  practice  to  identify  genera  by  their  types.  In 
this  instance  I  would  like  better  to  use  HasskarVs  well-authen- 
ticated name,  Mesosorus,  typified  by  the  same  species,  Gleichenia 

« Trans.  Linn.  Soc.  Bot.  II  9   (1916)  252. 
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gigantea  Wallich :  Hooker ;  but  I  would  have  then  to  expect  every 
species  presently  to  be  renamed. 

Following  the  use  of  the  term,  in  Sticherus,  I  call  the  midvein 
of  a  segment  the  costule,  and  the  axis  from  which  these  spring 
the  costse ;  the  costsa  spring  from  the  ultimate  rachis.  Peculiarly 
to  this  genus,  I  call  that  division  of  the  frond  a  pinna  which  has 
the  ultimate  rachis  as  its  axis;  its  divisions  are  of  course  pin- 
nules, the  axes  of  which  are  the  costse. 

Key  to  the  New  Guinea  species  of  Hicriopteris, 

a\  Coste  strongly  scaly. 

b  \  Costse  also  densely  tomentose 1.  H.  novoguineensis. 

h  ^  Costse  slightly  tomentose  under  scales 2.  H.  arachnoides. 

a^,  Costae  slightly  and  minutely  scaly 3.  H.  astrotricha, 

1.  HICRIOPTERIS  NOVOGUINEENSIS    (Branse)    Copeland  comb.  nov. 

Gleichenia  novoguineensis  Brause,  Engler's  Jahrb.  56    (1920)    210. 

Described  from  German  New  Guinea;  type,  Ledermann  127 H. 
Brass  4960,  from  Mount  Tafa,  Central  Division,  is  identified 
as  this  species  by  Christensen. 

2.  HICRIOPTERIS  ARACHNOIDES   (Hasskarl)   Copeland  comb.  nov. 

Mesosorus  arachnoides  Hasskarl,  Obs.  Bot.   (1856)   6. 

Brass  12^61,  altitude  2,150  meters,  1  to  1.5  meters  tall,  con- 
forms well  with  the  Javan  plant,  already  reported  in  New  Gui- 
nea by  Ridley.  Gleichenia  bullata  Mett.  is  a  distinct  Bornean 
species. 

3.  HICRIOPTERIS  ASTROTRICHA  Copeland  sp.  nov. 

Rhachi  axiale  laete  brunnea,  glabrata  vel  inf erne  hie  illuc 
tomento  fusco  appresso  maculata,  8  mm  crassa,  nodis  superne 
paleis  2  ad  10  mm  longis,  linearibus,  castaneis  atrocastaneo-mar- 
ginatis  breviter  ciliatis  immersis;  pinna  80  cm  longa,  acuta, 
sessile,  pinnulis  infimis  reductis  stipulas  simulantibus ;  rhachi 
indumento  atrofusco  e  paleis  et  amorphis  et  stellatis  et  rarius 
protractis  composito  vestita;  pinnulis  plerisque  10  ad  11  cm  lon- 
gis, basi  25  ad  28  mm  latis,  subsessilibus,  costis  superne  indu- 
mento huic  rhacheos  simile  sed  paleis  protractis  (etsi  minutis) 
crebrioribus  vestita,  inferne  apicem  versus  glabra,  alibi  nisi 
prope  rhachin  glabrescente ;  segmentis  circa  3  mm  latis,  infimis 
basi  contractis,  sequentibus  omnino  adnatis,  caeteris  anguste 
connexis,  apice  rotundatis,  subcoriaceis,  superne  saturate  viri- 
dibus"  glabris,  inferne  fusco-viridibus,  costulis  mox  glabratis, 
venis  praestantibus  ubique  paleis  minutis  castaneis  stellato- 
dissectis  ornatis. 
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Dutch  New  Guinea,  Brass  No.  12129,  "Occasional  under  a 
broken  canopy  in  the  mossy  forest  at  1800  m,  scrambling  to  a 
height  of  4-5  m;  glaucous  beneath;  15  Km.  SW.  of  Bernhard 
Camp,  Idenburg  River/'  The  glaucousness  is  not  evident  in 
the  herbarium. 

Rosenstock  Fil.  novog.  exsic,  n,  38,  I,  Werner,  Kaiser  Wil- 
helmsland,  mount  Gelu,  1,000  meters,  distributed  as  Gleichenia 
longissima  Bl.  var.  novoguineensis  Ros.  mss.,  is  this  species,  les>s 
brown  and  more  glaucous  beneath  than  the  type,  and  with  fewer 
of  the  minute  stellate  squamulse  on  the  veins.  H,  novoguineensis 
(Brause)  is  much  more  densely  scaly,  and  without  the  peculiar 
dark  stellate  squamulae  .on  the  veins. 

ERRATA 

Vol.  73,  p.  460,  insert  the  following  after  line  6: 

MECODIUM  LEVINGEI    (Clarke)    Copeland  comb.  nov. 

Hymeyiophyllum  Levingei  Clarke,  Trans.  Linn.   Soc.   Bot.    1    (1880) 
439,  vl'  -4^9,  fig.  3. 

China,  Yunnan,  Lung-pan-la  Champutong,  altitude  3,000  me- 
ters.    C.  W,  Wang,  Fan  Mem.  Inst,  67117. 

Before  seeing  this  species  I  hesitated  to  believe  Clarke's  de- 
scription, but  find  it  perfectly  accurate.  The  stipe  and  lower 
part  of  the  rachis  are  hairy,  with  multicellular  hairs,  the  cells 
bearing  chlorophyll  like  those  of  the  lamina.  Then,  following 
up  the  rachis,  an  occasional  hair  is  two  cells  wide  at  the  base, 
or  for  any  part  of  its  length,  but  not  to  its  apex.  Then,  some 
are  three  cells  wide,  and  wider;  until,  on  the  upper  and  minor 
axes,  some  of  them  are  lanceolate  and  some  are  ovate.  In  tex- 
ture they  are  like  the  green  lamina.  By  usual  definition  these 
are  palea^,  but  palese  do  not  have  this  structure,  and  are  not  sup- 
posed to  occur  in  Hymenophyllace^. 

The  affinity  is  to  Mecodium.  It  is  aberrant,  there  or  any- 
where else  in  the  family.  But  a  genus  which  already  contains 
M.  Reimvardtii,  M.  exsertum,  and  M.  scabrum  can  find  room  for 
M.  Levingei.  There  is  no  evident  near  affinity  to  Myriodon, 
Buesia,  or  Meringium  {Ptychophyllum)  plicatum. 

Volume  73,  p.  463,  insert  the  following  after  line  24 : 

MERINGIUM  BRYOPHILUM   (C.  Chr.)   Copeland  comb.  nov. 

Hymenophyllum  bryophilum  C.  Christensen,  Brittonia  2  (1937)  274. 

Distinguished  from  M.  Foersteri  by  being  much  less  hairy, 

and  hardly  otherwise.     The  isotype,  Brass  i262,  in  Herb.  New 
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York  Bot.   Garden,  has  one  frond  with  all  receptacles  long- 
exserted. 

Vol.  73,  p.  465,  insert  the  following  after  line  4: 

MERINGIUM  DENTICULATUM  (Sw.)   Copeland. 

China,  Kwangsi,  C,  Wang,  Sun  Yatsen  Univ.  i0602. 

My  first  specimen  of  this  species  from  continental  China. 

MECODIUM  PANICULIPLORUM  (Presl)  Copeland. 

China,  Si-Kang,  altitude  2,500  meters,  C.  W,  Wang,  Fan  Mem, 
Inst.  65U7. 

Reported  several  times  from  China,  but  this  is  my  first  spe- 
cimen. 

Vol.  73,  p.  467,  insert  the  following  after  line  37: 

CEPHALOMANES  SUMATRANUM  (v.A.v.R.)  Copeland. 

Hainan,  S.  K.  Lau,  Sun  Yatsen  Univ.  280^2. 
Previously  known  from  Annam. 

Volume  74,  No.  2 

Pages  153  and  155:  For  Holttumia  in  the  title,  in  the  text, 
and  in  the  illustration,  read  Holttumiella. 

Page  153,  line  4  of  text:  For  illus,  read  illuc. 
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TANNIls  FROM  KERNELS  OF  GREEN  BETEL  NUTS 

By  Luz  Baens 
Of  the  Bureau  of  Science^  Manila 

Although  there  are  a  number  of  tanneries  in  the  Philippines, 
the  annual  importation  of  leather  and  leather  articles  amounts 
to  about  three  million  pesos.^ 

For  the  last  few  years  the  possibility  of  utilizing  Philippine 
vegetable  tanning  materials  for  the  manufacture  of  leather  ^ 
has  been  studied.  In  the  course  of  this  investigation  it  was 
found  that  the  kernels  of  green  betel  nuts  (Areca  catechu  Linn.) 
contain  a  considerable  amount  of  tannin  which  gives  a  leather  of 
fine  natural  color.^  Because  of  the  excellent  quality  of  this 
leather  the  investigation  of  betel-nut  tannin  has  been  continued. 
Recent  results  are  recorded  in  this  paper. 

The  betel-nut  palm  (Areca  catechu  Linn.)^  is  known  in  the 
Philippines  as  bonga,  bunga,  or  luyos.  Beccari  ^  states  that  out 
of  the  86  species  of  Areca  known  to  him  no  less  than  10  are 
very  characteristic  Philippine  palms.  A  variety  of  Areca  cate- 
chu (var.  silvatica)  has  been  found  as  a  forest  plant  in  Palawan. 
Areca  catechu  (var.  longicarpa)  is  also  a  wild  plant  in  Polillo. 
These  species  are  probably  native  Philippine  plants. 

Areca  catechu^  is  a  graceful,  tall-stemmed  palm  usually 
reaching  a  height  of  60  feet;  the  stem  is  cylindrical,  with  a 
diameter  of  5  to  8  inches  and  ringed  distinctively  from  the  base 
upward  by  the  scars  of  fallen  leaves.  The  young  stem  is  green, 
and  the  old,  grayish.  The  strong  roots  which  grow  out  above 
the  base  maintain  the  erect  position  of  the  palm.  When  grown 
under  the  best  conditions  it  begins  to  flower  in  about  4  years. 

^  One  peso  equals  50  cents  United  States  currency. 

^  Baens,  Luz,  and  A.  P.  West,  Philip.  Journ.  Sci.  47  (1932)  467;  Baens, 
Luz,  F.  M.  Yenko,  and  A.  P.  West,  Philip.  Journ.  Sci.  55  (1934)  177; 
Yenko,  P.  M.,  and  Luz  Baens,  Philip.  Journ.  Sci.  61    (1936)  415. 

^  Baens,  Luz,  F.  M.  Yenko,  and  A.  P.  West,  Philip.  Journ.  Sci.  55  (1934) 
177. 

*  Blatter,  E.,  Palms  of  British  India  and  Ceylon  (1926)  47. 

^The  Palms  of  the  Philippine  Islands,  Philip.  Journ.  Sci.  14  (1919)  295. 

^  Sands,  W.  N.  Observation  on  the  betel-nut  palm  (Areca  catechu,  L.) 
and  betel-nuts.     Malayan  Agri.  Journ.  14   (1926)   202. 
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According  to  Grist  '^  the  plant  grows  well  in  places  with  evenly 
distributed  rainfall  The  seeds  are  first  planted  in  a  nursery  and 
transferred  after  6  to  18  months. 

Stirrup  ^  says  that  the  most  suitable  planting  distance  is  8 
by  8  feet,  giving  a  stand  of  680  trees  per  acre  or  1,680  trees  per 
hectare  (1  hectare  equals  2.47  acres).  The  average  number  of 
nuts  in  a  bunch  is  200.  A  young  palm  may  bear  5  or  6  bunches 
annually,  while  an  older  palm  may  have  only  1  or  2  bunches. 

In  the  Philippines  the  kernels  of  the  ripe  nuts  are  generally 
used  for  chewing.  They  are  usually  combined  with  betel-vine 
leaf  (Piper  betle  Linn.),  a  little  lime,  and  tobacco.  The  chew- 
ers  claim  that  chewing  betel  nut  prevents  decay  of  the  teeth, 
although  it  leaves  red  stains  on  the  enamel. 

While  there  are  no  regular  betel-nut  plantations  in  the  Phil- 
ippines, these  trees  are  widely  distributed  throughout  the  coun- 
try. In  some  districts  they  are  grown  in  fairly  large  numbers. 
The  price  of  the  green  and  ripe  nuts  is  about  the  same.  Usual- 
ly it  varies  from  0.05  to  0.20  peso  per  100,  depending  upon  the 
supply  and  demand. 

The  tannin  in  betel  nuts  is  located  almost  entirely  in  the  ker- 
nel. The  outside  husk  has  only  traces.  As  the  green  nut  ri- 
pens, the  tannin  in  the  kernel  decreases.  Tests  showed  that  the 
ripe  kernels  have  only  about  half  as  much  tannin  as  those  of  full- 
grown  green  nuts  collected  from  the  same  tree.  The  highest 
tannin  content  is  attained  when  the  kernel  is  just  about  reaching 
maturity  while  the  outside  husk  is  still  grass  green. 

Analyses  of  the  kernels  of  full-grown  green  betel  nuts  from 
different  districts  showed  that  the  tannin  in  them  varied  from 
12.98  to  26.89  per  cent.  The  high  percentage  suggested  them 
as  a  promising  source  of  commercial  tanning  material. 

A  composite  sample  of  dried  kernels  of  green  betel  nuts  from 
a  single  tree  gave  the  analysis  recorded  in  Table  1.  This  full- 
grown  fruit,  which  was  about  4  months  old,  contained  20.16  per 
cent  tannin.  Betel-nut  tannin  compares  favorably  with  other 
commercial  tanning  materials. 

Table  1. — Analysis  of  dried  kernels  from  green  betel  nuts. 

Constituents.  Per  cent. 

Total  solids  32.19 

.  Soluble  solids  29.67 

Non  tannins  9.51 

Tannins  20.16 

'The  betel  nut  industry.     Malayan  Agri.  Journ.  14   (1926)  219. 
®  The  betel  nut  industry  in  the  Muar  Distinct,  Johore.     Federated  Ma- 
lay States  Agri.  BuH.  5   (1917-1918)   189. 
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Another  composite  sample  of  full-grown  green  betel  nuts  was 
obtained  from  Pagsanjan,  Laguna  Province,  and  used  in  pre- 
paring solid  tanning  extracts  as  follows :  The  nuts  were  opened 
and  the  kernels  cut  into  small  pieces.  The  material  was  ex- 
tracted several  times  with  water  at  70  °C.  The  combined  liquid 
extracts  were  evaporated  under  reduced  pressure  at  70° C.  until 
the  concentration  of  the  liquid  was  such  that  it  solidified  upon 
cooling. 

Data  on  the  extraction  are : 

Number  of  nuts  used  10,073 

Weight  of  nuts  366  kilograms 

Weight  of  moist  kernels  124.75  kilograms 

Moisture  in  kernels  75.51  kilograms 

Weight  of  dry  kernels  49.24  kilograms 

Weight  of  solid  extract  15.56  kilograms 

Extract  in  whole  nuts  4.25  per  cent 

Extract  in  dry  kernels  31.60  per  cent 

Assuming  that  a  hectare  can  be  planted  with  1,680  trees,  and 
that  each  tree  gives  annually  an  average  of  3  bunches  contain- 
ing 200  nuts  each,  the  yield  of  solid  extract  may  be  estimated  as 
follows : 

1  palm  gives  600  nuts 

1  hectare  (1,680  palms)  should  bear  1,008,000  nuts 
10,073  nuts  yield  15.56  kilograms  solid  extract 

1  hectare   (1,008,000  nuts)    should  yield  1,556  kilograms  of  solid  ex- 
tract 

In  preparing  the  tanning  extract  the  solution  was  evaporated 
until  it  contained  only  a  small  amount  of  moisture.  When  placed 
in  a  vacuum  oven  the  bottom  portion  (sample  B)  solidified.  The 
top  portion  (sample  A)  separated  out  as  a  coarse  powder. 
About  four-fifths  of  the  entire  extract  was  contained  in  sam- 
ple B. 

Analysis  of  the  betel-nut  extract  described  above  is  compared 
with  that  of  the  extract  from  Philippine  bakauan  bark  (cutch) 
in  Table  2.  Analyses  ^  of  imported  tanning  materials  (oak,  hem- 
lock, chestnut,  and  myrobalan)  are  also  included. 

The  results  (Table  2)  show  that  betel-nut  extract  compares 
favorably  with  cutch  and  also  with  imported  commercial  tan- 
ning materials   (oak,  hemlock,  chestnut,  myrobalan). 

Goatskins  and  sheepskins  tanned  with  betel-nut  extract  in  our 
laboratory  have  a  fine,  smooth  grain  and  a  natural  light  color. 

'Baens,  Luz,  Leon  G.  Alejo,  and  V.  G.  Lava.  Philip.  Journ.  Sci.  72 
(1940)   451. 
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Table  2. — Analysis  of  betel-nut  extract  and  other  tanning  materials. 


Constituent. 

Betel-nut  extract. 

Cutch. 

Oak. 

Hem- 
lock. 

Chest- 
nut. 

Myro- 
balan. 

A. 

B. 

.  Total  solids 

Per  cent. 

100.00 

94.50 

5.50 

29.16 

65.34 

5.03 

Per  cent. 

100.00 

95.41 

4.59 

28.46 

66.96 

Per  cent. 

100.00 

99.18 

0.82 

23.86 

75.32 

5.20 

Per  cent 

100.00 

94.18 

5.82 

40.77 

53.41 

Per  cent. 

100.00 

94.74 

5.26 

30.92 

63.82 

Per  cent. 

100.00 

97.43 

2.57 

29.85 

67.58 

Per  cent. 

100.00 
88.56 
11.44 
32.97 
55.59 

Sokble  solids 

Insoluble  solids  (by  difference)  _ 
Nontans 

Tannins  (by  difference) 

Ash__ 

Moisture  content  before   cal- 
culating on  a  moisture-free 
basis 

14.91 

13.91 

23.51 

12.18 

10.10 

11.61 

19.05 

NOTa — Results  calculated  on  a  moisture-free  basis. 

Tests  on  the  betel-nut  extract  were  made  at  the  Philippine 
Cutch  Corporation  (Zamboanga)  before  the  company  was  trans- 
ferred to  Borneo.  Mr.  Geo.  A.  Kerr,  vice  president  and  gen- 
eral manager  of  the  company,  said  that  sheepskin  leather  made 
with  our  betel-nut  extract  was  about  the  finest  light  leather 
tannage  he  had  ever  seen.  He  also  stated  that  he  had  treated 
some  extracts  chemically  to  produce  a  similar  color,  but  he  did 
not  find  any  that  gave  such  a  fine  natural  color  as  that  of  the  betel 
nut.  He  further  assured  us  that  this  extract  had  a  bright  fu- 
ture for  extensive  use  in  tanning  light  leather  from  goat  skins 
and  sheepskins  because  of  the  fine  natural  color.  Bleaching  or 
any  chemical  treatment  before  dyeing  is  not  necessary  when 
betel-nut  extract  is  used.  For  bookbinding  and  fine  light  leath- 
er, he  considered  this  extract  an  ideal  vegetable  tannin  material. 

SUMMARY 

Betel-nut  palms  are  grown  throughout  the  Philippines.  They 
bear  fruits  about  4  years  after  planting.  The  fruit  matures 
usually  in  about  6  months. 

The  tannin  in  betel  nuts  is  located  almost  entirely  in  the  ker- 
nel. The  outside  husk  has  only  traces  of  tannin.  As  the  green 
nut  ripens  the  tannin  in  the  kernel  decreases.  Ripe  kernels  have 
only  about  as  much  tannin  as  those  of  full-grown  green  nuts 
collected  from  the  same  tree.  The  highest  tannin  content  is  at- 
tained when  the  kernel  is  just  about  reaching  maturity  and  while 
the  outside  husk  is  still  grass  green. 

The  kernels  of  full-grown  green  betel  nuts  from  different  trees 
gave  a  tannin  content  that  varied  from  12.98  to  26.89  per  cent. 
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When  betel-nut  trees  are  grown  8  feet  apart  in  plantations 
there  are  1,680  trees  to  the  hectare.  Our  results  show  that  1,556 
kilograms  of  solid  betel-nut  extract  may  be  produced  from  one 
hectare  (1,680  trees). 

The  solid  betel-nut  extract  contained  65.34  to  66.96  per  cent 
of  tannin.  In  composition  it  compares  favorably  with  cutch 
(extract  from  bakauan)  and  also  with  foreign  extracts  (oak, 
chestnut,  hemlock,  and  myrobalan).  For  light  leather  tannage 
the  quality  is  excellent. 

Goatskins  and  sheepskins  tanned  with  betel-nut  extract  have 
an  unusually  smooth  grain  and  a  fine  natural  color. 

The  investigation  indicates  that  the  production  of  tanning 
extract  from  betel  nuts  grown  in  plantations  has  promising 
prospects. 
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Because  of  the  present  war  waged  by  the  Japanese  in  China 
the  National  University  of  Amoy,  originally  located  near  the 
famous  amphioxus  grounds  in  the  port  of  Amoy,  has  been 
moved  inland.  The  studies  on  the  biology  of  the  Amoy  am- 
phioxus, which  had  been  carried  on  for  a  number  of  years,  were 
consequently  interrupted.  It  seems  advisable,  at  this  moment 
of  uncertainty,  to  publish  the  available  data  so  far  gathered. 

The  systematic  position  of  the  Amoy  amphioxus  has  already 
been  carefully  ascertained  by  several  authors,  (3,42)  all  of  whom 
gave  it  the  specific  name  of  Branchiostoma  belcheri  Gray,  al- 
though there  may  be  slight  differences  in  the  minute  characters 
of  the  various  specimens  studied. 

Recently  Tchang  and  Koo  (42)  collected  some  amphioxus  from 
Tsingtao,  which  was  described  as  a  new  variety  of  B.  belcheri, 
found  in  Amoy  and  its  vicinity.  Since  it  usually,  but  not  al- 
ways, has  2  or  3  more  myotomes  in  the  preatriporal  region,  this 
amphioxus  is  referable  to  Branchiostoma  belcheri  var.  tsing" 
tauensis. 

The  writer  is  indebted  to  Dr.  T.  Y.  Chen,  the  Director  of  the 
Marine  Biological  Station,  and  the  Head  of  the  Department  of 
Biology,  the  National  University  of  Amoy,  under  whom  a  part 
of  the  present  work  was  carried  on,  and  also  for  his  continuous 
encouragement  and  valuable  criticisms  during  this  study;  to 
Dr.  H.  T.  Chen,  the  Head  of  the  Department  of  Biology,  Lingnan 
University,  Canton,  for  his  valuable  suggestions  and  criticisms, 
and  for  his  kindness  in  reading  the  entire  manuscript.  The 
writer  wishes  also  to  express  his  thanks  to  Mr.  Chih-tuh  Chen, 
formerly  technician  of  the  Biological  Supply  Service,  University 
of  Amoy,  for  his  assistance  in  measuring  about  100,000  indi- 
vidual specimens  for  the  study  of  the  rate  of  growth  of  this 
amphioxus. 
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HISTORY 

Apparently  the  first  man  to  have  secured  specimens  of  Am- 
phioxus  for  systematic  study  was  a  German  zoologist,  P.  S. 
Pallas,  who  received  a  single  example  from  his  friend  who  col- 
lected it  from  the  Cornwall  Coast.  Pallas  named  this  animal 
Limax  lanceolatus,  believing  that  the  specimen  was  an  elongated 
Limax  of  the  phylum  Mollusca.  ^  In  1834  an  Italian  zoologist,  G. 
Costa,  collected  amphioxus  from  the  Posilippo  Coast.  He  named 
it  Branchiostoma  lubricum,  believing  it  to  be  related  to  the 
cyclostomes  (Cyclostomata).  In  1836  an  English  zoologist,  W. 
Yarrell,  renamed  it  Amphioxus  lanceolatus.  After  these  inci- 
dents numerous  articles  about  amphioxus  appeared  in  various 
journals  and  publications. 

According  to  Chen  (5)  the  history  of  the  Amoy  amphioxus 
may  be  briefly  given  as  follows  : 

In  the  Tan  Dynasty  (616-905  A.  D.)  Han  Yu  killed  many 
crocodiles  at  Chao  Chow,  Kwantung  Province,  but  one  of  the 
wounded  escaped  to  Amoy.  After  some  time  it  died,  and 
"maggots"  from  the  carcass  gradually  changed  to  amphioxus. 
The  amphioxus  was,  therefore,  called  ''crocodile  fish''  or  "croco- 
dile maggot"  by  some  people.  This  is  the  oldest  record  of  am- 
phioxus, and  it  indicates  that  the  Amoy  amphioxus  had  been 
known  for  more  than  one  thousand  years. 

In  the  Sung  Dynasty  (960-1276  A.  D.)  Chu  Hsi  came  to 
this  district  and  "killed"  the  "Crocodile"  Island  in  the  front  of 
Liuwutien  with  his  "red  pen."  A  piece  of  stone  from  that  Island 
which  was  dropped  into  the  sea  was  believed  to  have  given  rise 
to  the  numerous  specimens  of  amphioxus  borne  in  the  sand. 
This  information  suggests  that  the  Amoy  amphioxus  was  known 
at  least  five  hundred  years  ago. 

At  the  end  of  the  Ming  Dynasty  (1368-1643  A.  D.)  Chen 
Cheng-kung  came  to  Amoy,  but  found  insufficient  food  for  his 
navy.  One  of  the  things  he  did  was  to  pour  several  bowls  of 
cooked  rice  into  the  sea,  after  which  numerous  individuals  of 
amphioxus  appeared  floating  on  the  water.  These  animals  were 
then  less  used  as  food  by  Chen  and  his  navy,  hence  the  name  of 
"rice  fish"  for  amphioxus.  If  this  is  true,  the  history  of  am- 
phioxus extends  back  more  than  three  hundred  years. 

Besides  the  "crocodile  fish"  and  "rice  fish"  described  above 
for  amphioxus  in  Chinese,  there  are  still  five  other  names  com- 
monly used  by  the  natives  in  Amoy  and  its  vicinity,  namely: 
'Wen  Tsu  Yii%  'Pien  Tan  Yu',  'Yin  Chang  Yu\  and  'Wen  Shen 
Yu\ 


75' 4  Chin:  Biology  of  Amoy  Amphioxus  371 

<» 

'Wen  Tsu  Yu'  is  probably  derived  from  the  name  of  a  small 
marine  fish  mentioned  in  ancient  Chinese  literature,  *Yu  Pien/ 
This  name  is  commonly  used  at  Chipbee  and  in  Tung  An  dis- 
tricts. 

'Pien  Tan  Yil'  means  'carrying-pole  fish/  since  the  amphioxus 
resembles  the  carrying  pole  used  in  Amoy,  which  is  a  stick  of 
wood,  broad  in  the  middle  and  narrow  at  both  ends. 

'Yin  Chien  Yii'  means  *silver-spear  fish,'  so  called  because 
the  amphioxus  is  very  much  like  the  silver-colored  Chinese  spear 
blade,  which  is  probably  the  best  name  for  amphioxus  in  Chinese. 

'Ying  Chang  Yvf  is  derived  from  'Yin  Chien  Yil.' 

'Wen  Shen  Yil'  is  the  commonest  name  in  Chinese,  and  means 
literary-composition  fish.'  The  derivation  of  'Wen  Shen'  is 
quite  obscure.  It  can  explained  in  four  different  ways.  Firstly, 
'Wen  Shen'  is  the  name  of  a  star.  Secondly,  'Wen  Shen'  is  the 
najne  of  the  God  of  Literature  in  Chinese  mythology.  It  is  said 
that  the  God  of  Literature  rode  on  the  back  of  a  crocodile,  which 
later  died  and  the  body  gradually  was  decomposed  into  the  "fish 
of  the  God  of  Literature.'  Lastly,  the  sound  of  'Wen  Shen'  is 
closely  related  to  'Yin  Chien/ 

In  spite  of  the  above-mentioned  records  the  Amoy  amphioxus 
was  not  known  to  the  scientific  world  until  Prof.  S.  F.  Light, 
formerly  Professor  of  Biology  of  the  National  University  of 
Amoy,  published  his  amphioxus  fisheries  in  Science  and  in  The 
China  Journal  in  1923.  He  pointed  out  the  inexhaustible  supply 
of  amphioxus  near  the  University  of  Amoy,  and  described  in 
general  the  methods  of  fishing  amphioxus.  After  this  announce- 
ment numerous  orders  were  sent  to  the  University  for  these 
important  and  rare  animals.  Many  people  also  came  to  Amoy 
to  visit  the  amphioxus  fishing  grounds. 

In  1929  Rathbun  described  some  crabs  collected  from  the 
amphioxus  grounds.  In  1930  C.  Ping  mentioned  the  Amoy 
amphioxus  in  his  paper  and  called  it  Branchiostoma  lanceolatus. 
In  1931  T.  Y.  Chen  described  a  hermaphroditic  amphioxus  from 
Amoy.  In  the  same  year,  C.  D.  Reeves  published  notes  on  the 
ecology  of  this  animal  as  well  as  on  the  nature  of  its  atrium 
and  atriopore.  In  1932  Boring  and  Li  described  some  of  the 
characters  of  the  Amoy  amphioxus  with  reference  to  its  syste- 
matic position,  and  regarded  it  as  belonging  to  Branchiostoma 
belcheri  Gray.  In  the  same  year  E.  Hartmann  wrote  some  notes 
on  the  conditions  prevailing  at  the  amphioxus  fishing  grounds. 
In  1933  T.  Y.  Chen  and  T.  G.  Chin  made  a  survey  of  the  amphiox- 
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US  fisheries.  In  1934  J.  G.  Ling  wrote  a  short  article  about  the 
fisheries.  In  the  same  year  K.  S.  Lou  made  a  careful  chemical 
analysis  of  the  Amoy  amphioxus.  In  1935  C.  Liu  and  W.  T. 
She  made  an  analysis  of  the  sea  water  of  Amoy  Harbour,  a  part 
of  the  analysis  being  related  to  the  amphioxus  ground.  In  the 
same  year  S.  Y.  Koo  wrote  a  short  article  on  the  variation  of 
the  velar  tentacles  of  the  Amoy  amphioxus.  In  1936  T.  Y.  Chen 
compiled  the  data  on  the  history  of  the  Amoy  amphioxus  from  the 
natives  of  southern  Fukien  Province.  In  the  same  year  S. 
Tchang  and  K.  C.  Koo  published  the  systematic  position  of  the 
Amoy  amphioxus,  and  confirmed  the  previous  identification  of 
Branchiostoma  belcheri  Gray.  In  1939  T.  G.  Chin  published  a 
list  of  diatoms  found  in  the  intestine  of  adult  amphioxus,  and 
in  the  same  year  published  some  polychaete  annelids  collected 
from  the  amphioxus  ground. 

SOME  STRUCTURES  OP  THE  AMOY  AMPHIOXUS 

The  morphology  of  the  amphioxus  has  been  extensively  worked 
out  by  various  authors,  especially  Goodsir,  J.  Miiller,  and  H. 
Eathke.  The  present  treatment  is  particularly  concerned  in 
some  of  the  structures  indicating  the  systematic  position  of  the 
Amoy  amphioxus  and  other  interesting  phenomena  observed, 
such  as  the  regeneration  of  the  tail  region,  the  branch  cirrus, 
the  hermaphroditic  amphioxus,  and  the  abnormal  gonads. 

Length. — ^The  smallest  individual  seen  with  fully  grown 
gonads  is  29  mm  long,  and  the  largest,  57  mm,  while  the  average 
fully-grown  amphioxus  is  from  42  mm  to  47  mm  long.  The 
detailed  measurements  of  the  length  of  the  Amoy  amphioxus  will 
be  discussed  later  in  the  study  of  its  rate  of  growth.  Fifty 
individuals  were  carefully  measured  for  the  three  regions; 
namely,  the  preatrioporal,  preanal,  and  postanal  regions.  The 
measurements  and  their  ratio  are  shown  in  Table  1. 

Table  1, — Length  of  three  regions  in  amphioxus  and  their  ratio. 


Region. 

Length. 

Average. 

Range. 

Ratio. 

Preatrioporal __       

mm. 

29.7 
9.7 
3.4 

mm. 

25.0-35.0 

8.0-12.0 

2.5-  5.0 

mm. 
69.40 
22.66 

7.94 

Preanal                                                                 

Postanal                                                      -       

Total             -       - 

42.8 

35.5-52.0 

100.00 

75,4 
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Number  of  myotomes. — The  number  of  myotomes  is  variable 
in  different  individuals  even  of  the  same  size.  However,  their 
number  is  characteristic  for  the  species.  The  myotome  formula 
of  the  present  species  is  shown  in  Table  2. 


Table  2.- 

-Number  of  myotomes  in  amphioxus. 

Regiou. 

Average. 

Range. 

Present 
author. 

Boring 
&Li. 

Tchang 
&Koo. 

Franz. 

Present 
author. 

Boring 
&Li. 

Tchang 
&Koo. 

Franz. 

Preatrioporal 

Preanal -_  -  -  __ 

38 
17 
10 

37 
17 

10 

36 
28 

37 
17 
10 

36-39 

16-18 
9-11 

35-38 

16-18 

8-11 

34-89 
27-30 

37-38 
16-19 
9-10 

Postanal -  - 

Total 

65 

64 

65 

64  j     63-66 

62-65 

62-66 

63-66 

The  figures  in  Table  2  show  clearly  that  the  total  number  of 
myotomes  of  the  Amoy  amphioxus,  counted  by  various  authors,  is 
very  much  the  same ;  that  is,  64  or  65.  This  number  is  within 
the  range  of  myotomes  for  Branchiostoma  belcheri  Gray  in 
Franz's  "Systematische  Revision  der  Akranier." 

Number  of  gonads. — The  number  of  gonads  is  not  always 
correlated  to  the  length  of  the  animal,  and  is  usually  one,  two 
or  three  less  on  the  left  side  than  on  the  right.  The  number 
of  gonads  is  shown  in  Table  3. 


Table  3.- 

—Number  of  gonads  in 

amphioxus. 

Region. 

Present  author. 

Boring  & 
Li,  range. 

Tchang  & 
Koo,  range. 

Franz, 
range. 

Average. 

Range. 

Leftside — 

25 
27 

22-28 
23-29 

25-28 

24-27 
25-29 

24-28 
26-30 

Right  side _._ 

Total. 

52 

45-57 

50-56 

49-56 

50-58 

Number  of  cirri. — The  number  of  cirri  is  the  same  on  both 
sides  of  the  body,  although  it  may  vary  among  different  indi- 
viduals. It  is  less  in  young  forms.  The  number  of  cirri  of 
larger  specimens  counted  by  the  present  author  and  others  is 
shown  in  Table  4,  which  shows  that  the  figures  are  closely 
similar. 

Table  4. — Number  of  cirri  in  amphioxus. 


Region. 


Average. 
Range—. 


Present 
author. 


42 
36-50 


Boring 
&Li. 


44-50 


Tchang 
&  Koo. 


50 
44-56 


Franz. 


52 
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Number  of  fin  rays. — The  fin  rays  of  amphioxus  may  be 
divided  into  two  kinds,  dorsal  and  ventral.  The  dorsal  type 
may  be  subdivided  into  preatrioporal,  preanal,  and  postanal. 
The  number  of  fin  rays  varies  among  different  individuals,  as 
shown  in  Table  5.  The  number  of  fin  rays  given  by  the  present 
author  and  Tchang  and  Koo  is  the  same,  but  differs  from  Franz's 
record.  This  character,  as  the  present  author  believes,  is  not 
very  important. 

Table  5. — Number  of  fin  rays  in  amphioxus. 


Fin  ray. 

Present  author. 

Tchang  &  Koo. 

Franz. 

- 

280 

Dorsal - 

Ventral 

r  Preatrioporal— - 

_  <  Preanal 

IPostanal 

222-298(240)1 
38-82  (  66)^313 
2-13  (     7)) 

305-338(321) 

35-90(72) 

76-94(83) 

65 

Number  of  velar  tentacles, — The  number  of  velar  tentacles  is 
variable  as  are  many  other  characters.  Their  variations  are 
related  to  the  age  of  the  amphioxus;  the  younger  the  specimen 
the  less  the  number  of  velar  tentacles,  without  relation  to 
sex. (22)     The  number  of  velar  tentacles  is  shown  in  Table  6. 

Table  6. — Number  of  velar  tentacles  in  amphioxus. 

Author.  Average.  Range. 

Koo  17.5  11-22 

Tchang  and  Koo  16.0  11-20 

Regeneration  of  amphioxus, — In  spite  of  the  fact  that  am- 
phioxus is  a  primitive  chordate,  the  power  of  regeneration  is 
rather  limited.  If  any  part  of  the  body  of  amphioxus  is  injured 
it  does  not  regenerate,  due  to  the  presence  of  numerous  ciliates. 
Numerous  individuals  of  amphioxus  were  examined  during  the 
study  of  growth,  and  only  one  specimen  was  found  to  represent 
the  regenerated  form. 

The  regenerated  part  of  the  individual  under  consideration 
is  the  postanal  region,  which  is  smaller  and  shorter  than  in  the 
normal  individual.     The  difference  is  shown  in  Table  7. 

Table  7. — The  length  of  the  normal  postanal  and  of  the  regenerated 
postanal  regions  in  amphioxus. 


Region. 

Normal 
Regenerated 


3.4 
1.6 


The  myotome  number  is  the  same  in  the  regenerated  specimen 
as  in  a  normal  individual,  and  the  thickness  and  the  length  of 
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Fig.  1. 


The  regenerated 
tail. 


each  myotome  is  therefore  reduced  to  less  than  half  the  original 
size.  The  upper  arch  of  the  postanal  region  is  in  a  straight 
line,  while  the  lower  arch  is  concave  or  enlarged  at  the  middle. 
Between  the  preanal  and  the  postanal  region  there  is  a  depres- 
sion, which  indicates  the  regenerated  point.  Besides  these, 
there  is  also  a  peculiarity  in  the  fin  rays.  A 
normal  specimen  usually  has  7  fin  rays,  while 
in  the  regenerated  postanal  region  not  a  single 
fin  ray  can  be  found.  Being  skeletal  in  struc- 
ture, the  fin  rays  perhaps  cannot  regenerate. 
Text  fig.  1  shows  a  regenerated  tail. 

Aside  from  this  single  case  of  natural  re- 
generation, experimental  work  leading  to  arti- 
ficial regeneration  was  tried,  but  not  a  single 
specimen  showed  any  sign  of  regeneration. 

Branched  cirrus. — One  branched  cirrus  was 
found.  The  number  of  cirri  on  the  same  speci- 
men was  23  on  the  left  side  and  22  on  the 
right.  One  of  the  cirri  from  the  right  was 
branched  into  two.  The  branched  cirrus  is  of 
normal  length,  but  divides  midway  into  two  equal  cirri,  the 
cartilaginous  skeleton  within  which  it  was  found  also  being 
branched  into  two  to  conform  to  the  external  appearance.  Text 
fig.  2  shows  the  branched  cirrus. 

The  branched  cirrus  is  either  due  to  the  union 
of  two  cirri  at  the  base  or  to  failure  of  these 
cirri  to  separate  during  embryological  devel- 
opment. 

Abnormal-sized  gonads. — The  usual  number 
of  gonads  is  52,  while  an  abnormal  male  am- 
phioxus contained  only  11  testes  altogether,  5 
on  the  left  side  and  6  on  the  right.  This  kind 
of  abnormality  is  very  rare,  having  been  found 
so  far  in  only  one  specimen.  The  testes  lie  at 
the  posterior  half  of  the  atrium  and  occupy  only 
f  of  the  cavity. 

The  first  and  the  third  testes  on  the  left  side  "are 
developed.  They  are  thin  and  small,  but  the  rest  are  unusually 
enlarged,  into  3  to  5  times  the  size  of  the  normal  testis.  The 
other  6  testes  on  the  right  side  are  more  or  less  uniform  in 
size  and  are  nearly  twice  as  large  as  the  normal  testis.  Table  8 
shows  the  arrangement  of  testes  in  the  abnormal  specimen. 


Fig.  2.     The  branched 


poorly 
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Table  8. — The  arrangement  of  testes  in  the  ahnonmil  amphioxus. 


1941 


Side. 

Number  of  testes. 
(T,  unusually  developed  testis;  t,  poorly  developed  testis;  O,  no  testis  or  gonad.) 

Left—. 

ooooooooo 

t  t      T  T  T  T       t  t  t 

T  T  T  T 

T  T  T 

O 

Right- 

ooooooooooooo 

T  T 

T  T 

T  T 

0  O 

T  T 

T  T 

This  unusual  enlargement  is  most  likely  due  to  reduction  of 
the  other  testes.  This  phenomenon  is  also  uncommon  among 
other  living  organisms,  and  the  present  record  is  the  first  for 
amphioxus.     Text  fig.  3  shows  the  abnormal  gonads. 


Fig.   3.     The  abnormal  gonads,     a,  lateral  view ;   b,   ventral   view. 

Hermaphroditic  amphioxus  from  Amoy, — The  hermaphroditic 
amphioxus  has  been  reported  from  many  localities.  In  1876 
Langerhans  detected  the  tails  of  spermatozoa  among  young 
ovaries  of  amphioxus.  In  1912  Goodrich  found  a  hermaphro- 
ditic specimen  from  Naples,  containing  one  egg  pouch  on  a  male 
specimen.  In  1914  Orton  also  described  a  male  specimen  con- 
taining one  egg  pouch  from  Plymouth.  In  1922  Riddell  de- 
scribed another  case.  And  in  1931  T.  Y.  Chen,  of  the  University 
of  Amoy,  described  a  specimen  of  the  Amoy  amphioxus  contain- 
ing equal  numbers  of  ovaries  and  testes. 

The  hermaphroditic  specimen  from  Amoy  is  an  extraordina- 
rily beautiful  find,  due  to  the  arrangement  of  the  creamy-white 
testes  and  the  lemon-yellow  ovaries.  Table  9  shows  the  arrange- 
ment of  testes  and  ovaries  in  the  hermaphroditic  amphioxus 
seen. 


Table  9.- 

-Arrangement  of  testes  and  ovaries  in  an  hermaphroditic 
amphioxus. 

Side. 

T,  testis;  0,  ovary;  — ,  no  gonad. 

Left 

TTTOTOOTTO TTOOTOOOOT 

Right 

T-TOOTTOTTO OOOOTOTTOT 
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ECOLOGICAL  STUDY  OP  AMOY  AMPHIOXUS  GROUNDS 

Amoy  is  located  along  the  southeastern  coast  of  China,  between 
the  North  Temperate  and  Subtropical  zones.  The  primitive 
chordate  amphioxus  has  therefore  found  its  best  home  there. 

.,41 

t  : 

t  I 

/        a?/ 


43.^ 


I    / 
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y\ 


\7f 


\U1 


7£e' 
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^;io 


133 
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553     \ 


33 


...      36  \ 

^0     •: 


*X71 
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Fig.    6.    Map   of   Amoy    amphioxus    grounds,    showing   the   distribution    of    the   number    of 
amphioxus  in  a  1,000  cc  sand  sample  in  each  station. 

The  species  is  abundant,  35  tons  being  captured  yearly.  Hence 
the  study  of  the  physical,  chemical,  and  biological  conditions  of 
the  ground  is  not  only  interesting  but  also  of  practical  import- 
ance. 
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The  exact  amphioxus  grounds  are  on  the  mainland,  to  the 
north  of  Amoy  Island,  very  near  a  small  town  called  Liuwutien. 
The  area  of  the  grounds  is  approximately  9  square  miles. 

The  present  survey  was  made  in  June,  1932,  in  a  motor  boat 
and  a  small  native  fishing  boat.  Seventy-four  stations  were 
studied.  Text  figs.  4,  5,  and  6  show  maps  of  Amoy  and  vicinity, 
the  stations,  and  the  distribution  of  amphioxus. 

PHYSICAL  CONDITIONS 

Size  of  bottom  particles. — The  method  of  measuring  the  size 
of  particles  from  the  amphioxus  ground  is  by  drying  in  the  sun 
a  bottom  sample  of  1,000  cc  from  each  station.  Then  the  sam- 
ple is  allowed  to  pass  through  a  set  of  sieves,^  consisting  of 
eight  different  grades,  namely,  particles  that  cannot  be  sifted 
through  sieve  12,  and  particles  that  can  be  sifted  through  sieves 
12,  18,  30,  60,  90,  100,  and  120.  Sieve  12  has  the  largest 
meshes,  and  sieve  120  the  smallest.  The  volume  of  the  sample 
is  increased  after  classification,  since  particles  of  the  same  size 
are  grouped  together.  Therefore  the  percentage  is  used  in  the 
final  results  for  comparison.  Tables  10  and  11  and  text  fig.  7 
show  the  characteristic  bottom  for  amphioxus. 

The  amphioxus  lives  in  sandy  ground,  which  consists  of  nu- 
merous large  particles  (sieves  12  to  30),  and  few  small  particles 
(sieves  90  to  120) .  If  the  condition  is  reversed,  no  amphioxus 
is  found.  This  circumstance  may  be  explained  in  two  ways. 
Firstly,  the  mud  ground  is  harder  than  sand,  so  the  amphioxus 
cannot  burrow  in  it.  Secondly,  the  fine  sand  easily  interferes 
with  the  respiration  of  the  animal,  as  has  been  proved  in  the* 
laboratory. 

The  sand  and  mud  grounds  at  Liuwutien  are  rather  distinctly 
separated.  Two  scoops  of  samples  were  taken  about  5  feet 
apart,  one  of  them  containing  sand  and  many  amphioxus  in- 
dividuals, while  the  other  contained  mud  and  sponge.  Three 
exceptions,  stations  47,  70,  and  71,  probably  very  close  to  the 
mud  ground,  were  dredged  from  the  very  edge  of  the  ground 
containing  sand  but  no  amphioxus. 

The  number  of  amphioxus  from  two  scoops  of  samples  (about 
1,000  cc)  varies  with  each  station,  from  6  to  553  individuals. 
The  average  is  156.85  individuals  and  the  mode  100  individuals. 
The  number  of  individuals  collected  from  each  station  is  shown 
in  Table  10  and  in  text  fig.  6,  as  well  as  in  Table  12. 

■     -      ^  Made  by  Flatters  and  Gurnett  Company,  England. 
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Table  10. — Detailed  data  of  bottom  samples  collected  from  the 
amphioxus  grounds* 


Station. 

Depth. 

Number 
of  am- 
phioxus. 

Sizes  of  bottom  particles. 

Cannot 
be  sifted 
through 
sieve  12. 

Can  be  sifted  through  sieves — 

18 

ee. 
820 
305 
265 
285 
180 
175 
350 
320 
400 
320 
295 
77 
58 
410 
295 
460 
425 
390 
335 
450 
510 
340 
225 
320 
410 
225 
300 
435 
460 
250 
555 
410 
410 
440 
370 
360 
175 
210 
125 
405 
260 
860 
840 
226 
166 

30 

60 

90 

100 

120 

1 

m. 
4.7 
4.7 
2.5 
3.0 
2.0 
2.5 
3.5 
7.5 
4.7 
7.5 
4.7 

10.5 
9.5 
6.5 
4.7 
6.5 
6.5 
4.7 
9.5 
7.5 
7.5 
6.5 
9.5 

13.0 
9.5 
7.0 
8.5 
6.5 
5.5 
9.5 
8.5 

14.5 
7.5 

11.0 
9.0 
8.8 
9.5 

10.0 
9.5 

10.0 
9.5 

11.5 

14.5 

13.5 

16.0 

39 

27 

43 

32 

39 

337 

288 

376 

11 

243 

16 

14 

6 

70 

187 

71 

107 

112 

297 

291 

20 

245 

519 

463 

197 

269 

152 

144 

128 

82 

76 

67 

133 

88 

553 

179 

314 

88 

296 

264 

89 

86 

20 

79 

6 

165 

185 

120 

150 

50 

30 

175 

80 

40 

110 

210 

1 

1 

45 

200 

100 

75 

175 

60 

60 

15 

260 

400 

125 

65 

60 

200 

35 

130 

220 

75 

45 

175 

105 

55 

30 

5 

15 

5 

110 

80 

20 

55 

800 

60 

ee, 
240 
220 
140 
215 
100 
73 
290 
150 
160 
160 
225 
5 
11 
140 
220 
250 
205 
190 
155 
190 
110 
200 
240 
160 
180 
95 
300 
185 
210 
280 
255 
120 
270 
300 
115 
130 
45 
77 
30 
230 
87 
66 
126 
245 
140 

ee. 
450 
260 
530 
470 
510 
700 
370 
520 
460 
520 
410 
950 
950 
520 
420 
310 
405 
370 
530 
400 
460 
275 
275 
475 
410 
670 
255 
420 
310 
395 
195 
480 
240 
270 
550 
645 
735 
725 
800 
830 
650 
660 
650 
406 
110 

ee. 
29 
44 
50 
58 
248 
120 
12 
50 
34 
56 
44 
100 
45 
12 
85 
10 
16 
22 
40 
15 
12 

2 
45 
85 
56 
48 
10 
10 

9 
50 
10 
83 
15 

9 
26 
21 
90 
61 
120 
14 
180 
73 
32 
82 

4 

ee. 
2 
4 
3 
6 
80 
11 
1 
8 

2 
4 
2 
7 
4 
1 
6 
1 
3 
4 
2 
1 
2 
2 
4 
10 
3 
2 
2 

1 
2 
7 
1 
7 
1 
2 
2 
1 
7 
1 
8 
1 

11 
6 

10 
2 
1 

ee. 
11 

2 
2 

1 

ee. 
1 
2 
2 
2 

16 
4 
1 
2 
1 
2 
1 
2 
1 
1 
3 
1 
1 
8 
2 
1 
1 
2 
2 
7 
1 
8 
1 
2 
2 
8 
1 
8 
1 
1 
2 
2 
8 
1 
8 
2 
2 
2 
8 
4 
1 

2 _ 

8 

4 .__ 

5 

6 

7 

8 

9 

10 _ 

11 

12 

18  .- 

14 

15 

16 

17 - 

18 _.. 

19 

20 

21 

22 -- 

28   

24 _ 

25  

26 - 

27    

28    

29  

80  

81  

82  

83  

84 

85  

86 

87 

88 

89    

40 

41    

42     

48    

44    

45 

Total 

359.8 

7,058 

4.627 

7,533 

14,310 

20,946 

2,078 

248 

73 

108 

Artrage 

Percentage 

7.98 

156.85 

102.82 

167 

318 

466.40 

46.20 

6.61 

1.62 

2.40 

9.29 

16.11 

28.78 

42.05 

4.17 

0.41 

0.16 

0.28 
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Table  11. — Detailed  data  of  bottom  samples  collected  from  the  vicinity  of 

ampkioxics  grounds,^ 


station. 

Depth. 

Sizes  of  bottom  particles. 

Cannot 
be  sifted 
through 
sieve  12. 

Can  be  sifted  through  sieve — 

12 

18 

30 

60 

90 

100 

120 

46 

m. 

4.7 

2.0 

3.0 

10.5 

8.5 

7.5 

4.7 

12.5 

8.0 

7.5 

10.00 

16.5 

11.0 

12.0 

12.3 

14.3 

13.3 

deep 

__-do___ 

13.0 

12.0 

9.5 

3.5 

3.0 

3.0 

3.5 

3.5 

2.0 

3.5 

ec. 
250 
25 
20 
140 
410 
100 
300 

ec. 

210 
40 
55 

125 

165 
12 

147 

ce. 
98 
120 
125 
230 
135 
63 
192 

ce. 
300 
835 
290 
90 
220 
382 
177 

ec. 
58 
77 

105 
24 

195 
91 
23 

ec. 
5 
3 
18 
2 
25 
8 
8 

6 
10 
10 

6 

10 

6 

3 

1 

9 

6 

10 

12 

6 

1 

2 

3 

7 

20 

cc. 
4 
1 

18 
2 

10 
7 
8 

4 
3 
5 

6 
1 
8 
2 
1 

8 

5 

10 

4 
1 
1 
5 
6 
15 

cc. 
430 
2 
170 
565 
20 
550 
450 

340 
250 
355 

475 
400 
370 
350 
400 

950 
600 
550 
550 
430 
1 
1 
500 
550 
350 

47 - 

48 

49 

50 

51 

52- 

53 

hard  ground,  no  sample 

54 

250  f    168 
260     155 
260     155 
hard  ground,  no  s 

158 

320 

242 

ample 

184 

61 

48 

39 

75 

214 
105 
145 

185 
495 
420 
452 
125 

43 

45 
80 

80 
80 
43 
50 
28 

55 

56- - 

57 

58 

59 

100 
10 
95 
80 

150 

93 
69 
76 
50 
262 

60 

61 

62 

63  — 

no  sample 

64 

65 

do. 

70 
160 
150 
100 
200 
325 

10 
180 
100 
150 

70 
150 
127 
265 
267 
340 
100 
175 
210 
160 

58 

76 

31 
50 
70 
63 
12 
17 
15 
55 
23 
70 

66 

250 
105 
127 
210 
260 
450 
165 
182 
120 

151 
217 
120 
133 
240 
500 
183 
127 
360 

67 

68 

69   

70   

71   

72   

73 - 

74 

Total 

Average 

Percentage- 

198.2 
7.93 

4,125 

165 

14.1 

3,490 

140 

11.9 

4,027 

161 

13.8 

6,042 

242 

20.7 

1,428 

57 

4.9 

197 

8 

0.7 

143 

6 

0.5 

9,809 

392 

33.5 

«  No  amphioxus  were  found  in  these  samples. 

This  variation  may  be  explained  in  three  ways :  (a)  the  sam- 
ples dredged  by  the  native  scoop  are  not  even,  since  the  con- 
struction of  the  dredging  scoop  is  too  simple  and  the  movement 
of  the  water  varied,  especially  during  the  winding  time;  (&) 
the  distribution  of  the  amphioxus  themselves  is  not  even,  since 
they  can  migrate  slightly  in  the  ground;  (c)  it  depends  upon 
the  number  of  fishing  boats  at  the  station — ^the  more  the  fishing 
boats  the  less  will  be  the  number  of  amphioxus  individuals  per 
boat. 

In  June  the  proportion  between  the  first-year,  and  the  second- 
year  and  third-year  amphioxus  is  about  7:10  on  the  average. 
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Fig  7.  Differences  between  bottom  samples  with  and  without  amphioxus,  collected  from 
amphioxus  grounds  and  their  vicinity.  O  represents  the  largest  particles  of  sand  that 
cannot  be  sifted  through  sieve  12.  12,  18,  30,  60,  90,  100,  and  120  represent  particles 
that  can  be  sifted  through  the  corresponding  sieve.     120  is  the  finest  sieve. 


Table  12. — Variation 

in  the  number 

of  individuals 

of  amphioxus 

collected 

from 

each  station. 

Individuals. 

' 

Frequency. 

1-10 

2 

11-50 

5,  5, 

2 

51-100 

5, 

3 

101-150 

5 

151-200 

4 

201-250 

2 

251-300 

5, 

1 

301-350 

2 

351-400 

1 

401-450 

0 

451-500 

1 

501-550 

1 

551-600 

1 
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but  at  stations  6,  23,  24,  35,  37,  and  39  the  individuals  are 
mostly  small,  since  the  fishermen  usually  capture  large  amphio- 
xus  and  leave  the  small  individuals. 

Depth  of  the  sea. — The  amphioxus  fishing  ground  is  rather 
shallow.  Sixteen  meters  was  the  greatest  depth  found  in  this 
survey,  and  the  amphioxus  is  also  present  in  the  littoral  region. 
The  pressure  is  rather  high  at  a  depth  of  more  than  16  meters, 
but  the  ordinary  air  pressure  does  no  harm  to  the  organism. 
The  average  sea  bottom  for  amphioxus  ground  is  about  8  meters. 
The  depth  of  Amoy  Sea  and  its  vicinity  is  shown  in  text  fig.  4, 
and  the  detailed  data  of  the  ground  is  given  in  Table  10.  Text 
fig.  8  shows  a  section  of  the  sea  from  Chipbee,  and  text  fig.  9 
shows  sections  of  the  sea  in  the  amphioxus  ground. 

Figure  8  is  a  section  of  the  sea  from  Chipbee  to  Liuwutien 
through  Crocodile  Island.  It  shows  the  presence  of  amphioxus 
at  different  depths  and  its  habitat  in  general. 

Water  current  in  the  amphioxus  ground. — The  amphioxus,  es- 
pecially the  younger  stage,  is  not  present  where  a  strong  current 
exists.  However,  a  certain  amount  of  current  is  necessary,  since 
transports  food  material  from  the  open  sea  to  the  feeding 
grounds.  The  speed  of  the  water  current  depends  upon  the 
depth  of  the  sea ;  that  is,  water  currents  are  stronger  in  deeper 
waters.  The  entrance  of  the  sea  water  at  the  North  of  Amoy 
Island,  from  Wu  Tung  to  Au  Tau,  is  shown  in  text  fig.  9,  a.  No 
amphioxus  was  found  in  waters  where  the  bottoms  are  muddy; 
as  from  Wu  Tung  to  Liuwutien  and  Chung  Shih  to  Liuwutien, 
shown  in  text  fig.  9,  b  and  c,  which  shows  a  deep  groove  on  the 
bottom  near  Amoy  Island.  The  ground  with  sandy  bottom  was 
found  to  be  inhabited  by  amphioxus.  Near  the  mainland,  where 
the  water  current  was  quite  slow,  the  sandy  bottom  was  rather 
shallow. 

The  sea  between  Chung  Shih,  Chipbee,  and  Liuwutien  is  much 
wider,  therefore  the  current  decreases  and  makes  it  rather  shal- 
low, as  shown  in  text  fig.  11. 

Text  fig.  9,  d,  is  a  section  between  Kao  Ge  and  Chipbee.  This 
section,  which  is  quite  narrow  and  shallow,  separates  the  north 
and  south  sea  waters  of  Amoy.  It  is  said  that  several  hundred 
years  ago  people  could  walk  through  this  portion  during  low 
tide.  This  narrow  neck  is  quite  beneficial  to  the  amphioxus, 
otherwise  fresh  water  in  the  southern  part  of  Amoy  Sea  would 
get  in,  dilute  the  water  in  the  amphioxus  ground,  and  kill  the 
animals. 
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Specific  gravity  of  the  ground  sample. — The  specific  gravity 
of  the  sand  from  the  amphioxus  ground  is  comparatively  low, 
since  the  amphioxus  is  a  sand-burrowing  animal.  It  is  not  as 
low  as  that  from  the  outer  shore,  where  numerous  broken  cal- 
careous shells  are  present.  In  the  amphioxus  ground  there  are 
many  broken  moUuscan  shells  and  other  calcareous  substances, 
such  as  the  coral  skeleton,  echinoderm  plates,  appendages  of 
crabs,  and  bones  of  higher  vertebrates.  These  substances  con- 
stitute more  than  4  per  cent  of  the  sample. 


la 


•  •      '.*/.•    •'*'••■'•.;  V-'t  '.•.       Ct      Wutun  J?  to  Au  T  au 


10 
20 
30 


Kaoge  to  Oupbee 


,.-:^:?s^I^^ 


,.v,*:tr.-;;.-..' 


«#^ 


Watoog  U>  Linwutieo 


;:.  .:'.:3^  ^  ^^lld:"•••• 


Saod*/. 


GhoogBliih  to  litiwiitieii 


Miles 


3 


Fig.   9.     Sections  of  the  sea  in  the  amphioxus   grounds   and  their  vicinity,   showing  depth 
and  bottom  conditions  from  which  the  directions  of  water  currents  are  plotted. 

In  order  to  make  a  comparison  on  the  specific  gravity,  sand 
samples  were  collected  from  different  localities  in  Amoy  and  its 
vicinity,  namely:  Light  House,  Chipbee,  Nantaiboo,  and  in  front 
of  the  University  of  Amoy.  Among  them  the  sand  from  Light 
House  was  the  lightest,  containing  the  largest  amount  of  cal- 
careous  substances  (calculated  by  carbon  dioxide  producing 
power  of  the  sample  by  adding  acid  solution),  since  it  was  on 
the  margin  of  the  open  sea.  The  Liuwutien  sample  (amphi- 
oxus ground)  was  next,  while  the  remaining  samples  contained 
smaller  particles  of  sand  and  less  calcareous  substances,  and 
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Fig.   10.     Correlation  between  the  large  particles  and  carbon  dioxide  produced. 

hence  were  higher  in  specific  gravity.  Table  13  shows  a  com- 
parative study  of  sand  samples  from  the  amphioxus  ground  and 
vicinity.  Text  fig.  10  shows  the  correlation  between  the  large 
particles  and  the  carbon  dioxide  produced. 

Table  13. — A  comparative  study  of  sand  samples  collected  from  the 
amphioxus  ground  and  its  vicinity. 


Volume  of  different  siises  of  bottom  samples. 

CO2 
produced 

Locality. 

Cannot 
be  sifted 
through 

Can  be  sifted  through  sieve — 

Density. 

in  100  cc 

of 
sample. 

^     i 

sieve  12. 

12 

18 

30 

60 

90 

100 

120 

ec. 

cc. 

cc. 

cc. 

cc. 

ee. 

cc. 

ec. 

cc. 

ee. 

Lighthouse 

260 

425 

350 

135 

5 

2 

1 

1 

1.3330 

3250 

Liuwutien 

102 

167 

318 

465 

46 

6 

2 

3 

1.8450 

592 

Chipbee 

58 

170 

570 

350 

5 

2 

2 

1 

1.4040 

68 

Nantaiboo 

28 

130 

290 

656 

85 

5 

2 

2 

1.3845 

20 

Front  of  Amoy 

University 

0 

2 

10 

980 

125 

9 

3 

8 

1.3955 

3 
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Temperature, — As  has  been  mentioned  in  the  early  part  of 
this  paper,  Amoy  is  located  between  the  North  Temperate  and 
the  Subtropical  zones.  The  temperature  range  in  the  region  is, 
therefore,  not  very  great.  In  1932  the  air  and  water  temper- 
atures were  taken  weekly  on  the  amphioxus  ground.  The 
average  monthly  air  temperature  reached  the  lowest  level  in 
February,  and  gradually  increased  in  March  and  April.  From 
April  to  May  the  temperature  increased  considerably,  and 
reached  its  highest  level  in  July.  Then  it  dropped  down  in  a 
smooth  curve  till  the  end  of  the  year. 


Fig.  11.     Temperature  and  dissolved  oxygen  content  at  Liuwutien  in  1932. 

The  lowest  temperature  recorded  during  the  year  was  lO.S'^C., 
and  the  highest,  34°C.,  for  air  temperature,  and  12.0°C.  and 
SO-B^'C,,  respectively,  for  water  temperature.  The  average  air 
temperature  was  23.5°C.  while  that  for  water  was  only  IT.S'^C. 

The  water  temperature  was  always  2  to  3°C.  lower  than  that 
of  the  air,  except  in  February  when  the  water  temperature  was 
higher.  The  air  and  water  temperatures  recorded  showed  clear- 
ly that  the  change  of  temperature  in  such  shallow  water  was 
mainly  due  to  air  temperature,  and  was  not  much  influenced 
either  by  warm  or  cold  current.  Table  14  and  text  fig.  11  show 
the  temperature  range  and  oxygen  content  at  Liuwutien  in  1932. 


75, 4  Chin:  Biology  of  Amoy  Amphioxus  389 

Table  14. — Temperature  and  dissolved  oxygen  at  Lduwutien  in  1932, 


Data. 

Jan- 
uary. 

Feb- 
ruary. 

March. 

April. 

May. 

Jxme. 

July. 

Air  temperature. _ _oC.__ 

Water  temperature oc.._ 

Oxygen  content,  cc  per  liter.  _ 

16.9 
13.7 
6.29 

13.3 
14.8 
5.95 

17,8 
14.5 
5.93 

19.7 
17.3 
5.88 

28.3 
26.1 
4.76 

29.6 
27.6 
3.92 

32.1 
29.2 
3.99 

Data. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

Average. 

Air  temperature oc.__ 

Water  temperature oC... 

Oxygen  content cc  per  liter.. 

31.3 
29.9 
4.26 

29.0 
25.9 
4.59 

27.0 
23.2 
5.25 

24.4 
17.6 
5.60 

21.0 
17.6 
5.82 

24.2 
22.1 
5.19 

Water  color,  transparency,  density,  and  other  data, — The  sea 
water  is  invariably  deep  blue  and  very  rarely  yellowish.  The 
transparency  is  from  about  0.5  to  2  meters  for  a  white  disc  with 
a  diameter  of  20  centimeters.  Since  the  water  is  clear,  many 
planktons  used  as  food  by  amphioxus  are  present.  The  density 
of  the  sea  water  is  rather  higher  than  in  other  parts  of  Amoy 
Sea,  since  very  little  fresh  water  enters  the  sea  in  this  region. 
The  density  of  sea  water  in  relation  to  its  salinity  will  be  dis- 
cussed later. 

The  rainfall  reaches  only  the  surface  water  and  therefore 
does  not  materially  influence  the  living  conditions  of  the  am- 
phioxus. The  inland  rainfall  is  considerable  south  of  Amoy, 
but  not  in  the  amphioxus  ground.  The  wind  at  Liuwutien  is 
rather  strong,  especially  during  the  flood  tide  in  the  afternoon. 
But  it  does  not  influence  the  amphioxus  directly,  since  it  only 
affects  the  movement  of  the  water. 

CHEMICAL   CONDITIONS 

Salinity, — Different  species  of  animals  usually  live  in  different 
degrees  of  salinity.  If  there  is  only  slight  change  of  salinity, 
the  animal  will  adjust  itself,  but  conspicuous  changes  may  cause 
its  death.  If  considerable  amounts  of  fresh  water  enter  into 
the  sea  from  the  inland  the  diluted  water  may  swell  the  body 
of  amphioxus  by  osmotic  pressure.  Amphioxus  killed  by  os- 
mosis assume  the  shape  of  a  half  moon,  due  to  the  fact  that 
changes  by  osmotic  pressure  take  place  more  rapidly  in  the  go- 
nadal region  than  in  the  muscular  back.  This  fact  was  verified 
by  tests  conducted  in  the  laboratory. 

The  change  of  salinity  depends  upon  many  factors,  such  as 
temperature,  current,  nature  of  the  bottom,  fresh  water,  and 
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others.  But  the  change  in  this  region  is  influenced  mainly  by 
the  fresh  water  from  inland,  especially  during  the  rainy  sea- 
son. The  higher  the  volume  of  rainfall,  the  lower  the  salinity 
will  be.  Table  15  and  text  fig.  12  show  the  salinity,  rainfall, 
and  pH  value  at  Liuwutien  and  Kulangsu  in  1932. 

Table  15. — Salinity,  rainfall,  and  pH  value  at  Liuwutien  and  Kulangsu 

in  1932, 


Data. 


Liuwutien,  salinity  per  1,000  cc. 
Kulangsu,  salinity  per  1,000  cc._ 
Amoy  Island,  rainfall—-  mm.. 

Liuwutien,  pH  value 

Kulangsu,  pH  value 


Jan- 
uary. 

Feb- 
ruary. 

March. 

April. 

May. 

June. 

27.2 

28.2 

27.4 

26.7 

26.1 

24.3 

26.2 

25.7 

22.1 

22.8 

25.6 

13.4 

0 

31 

113 

192 

145 

226 

8.40 

8.40 

8.36 

8.40 

8.36 

8.40 

8.40 

8.33 

8.82 

8.30 

8.35 

8.36 

July. 


28.5 
27.1 
155 
8.40 
8.40 


Data. 


Liuwutien,  salinity  per  1,000  cc... 
Kulangsu,  salinity  per  1,000  cc— 

Amoy  Island,  rainfall mm. 

Liuwutien,  pH  value 

Kulangsu,  pH  value 


August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

27.7 

25.7 

27.8 

28.3 

27.7 

26.8 

20.0 

26.2 

24.3 

25.5 

174 

123 

0 

18 

45 

8.40 

8.36 

8.40 

8.35 

8.40 

8.32 

8.30 

8.40 

8.30 

8.40 

Average. 


27.1 
23.8 
101.9 
8.39 
8.35 


A  sample  of  10  cc  sea  water  was  taken  and  titrated  with  the 
usual  solution  of  silver  nitrate  used  in  this  determination,  and 
then  calculated  into  salinity  per  1,000  cc  of  water.  The  average 
salinity  at  Liuwutien  was  29.1  grams  per  liter,  highest  in  July 
(30.5  grams  per  liter) ,  and  lowest  in  June  (26.3  grams  per  liter) . 
The  highest  for  each  collection  was  31.8  grams  per  liter,  at  the 
end  of  July,  and  the  lowest,  24.4  grams  per  liter,  at  the  begin- 
ning of  June.     The  range  was  only  7.4  grams  per  liter. 

This  condition  is  quite  different  on  the  south  side  of  Amoy 
Sea,  which  is  the  outlet  of  a  large  river.  At  the  beginning  of 
June  the  sea  was  nearly  filled  with  fresh  water,  containing 
only  5.2  grams  per  liter  salts.  At  the  end  of  July  the  salinity 
reached  31.7  grams  per  liter.  The  difference  is  26.5  grams  per 
liter.  Such  great  changes  killed  many  sea  animals  during  the 
rainy  season.  It  is  quite  fortunate  that  the  sea  water  of  the 
south  and  the  north  is  not  easily  mixed,  on  account  of  the  dif- 
ferent current  systems,  the  presence  of  the  shallow  and  narrow 
strait  between  Kao  Ge  and  Chipbee,  and  the  production  of  the 
main  fresh  current  near  the  south  end  of  South  Amoy  Sea 
where  a  deep  groove  is  present. 
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Hydrogen-ion  concentration. — The  hydrogen-ion  concentra- 
tion of  sea  water  affects  the  respiration  and  other  physiological 
conditions  of  the  animal.  It  is,  therefore,  important  in  the 
ecological  study  of  amphioxus. 

For  the  pH  value,  colorometric  determination  by  a  com- 
parator block  was  used.  To  10  cc  sea  water  is  added  0.5  cc 
0.2  per  cent  cresol  red,  and  the  sea  water  is  then  compared 
with  the  standard  color  disc  against  light.  Sixty-four  samples 
were  tested,  all  except  5  having  a  value  of  8.4.  The  excep- 
tional 5  were  a  little  higher   (8.6)   and  lower   (8.2).     In  the 


Fig.  12.     Salinity  and  pH  value  at  Liuwutien  and  Kulangsu;  and  rainful  at  Amoy  in  1932. 

southern  part  (Table  15  and  text  fig.  12)  the  pH  value  was 
usually  very  low,  due  to  the  fresh  water  from  inland  and  or- 
ganic matter  from  Amoy  City. 

The  pH  value  of  the  bottom  samples  was  also  tested.  One 
cc  sand  or  mud  was  added  to  12  cc  of  water,  and  the  water 
shaken  thoroughly  and  allowed  to  stand  till  clear.  Ten  cc  of 
the  superficial  water  were  then  poured  into  the  test  tube  and 
tested  as  above.  The  sand  sample  had  a  pH  value  of  8.4,  like 
the  sea  water  itself,  while  the  mud  sample  gave  a  much  higher 
acid  value,  7.2.  This  factor  probably  helps  to  explain  why 
amphioxus  cannot  live  in  muddy  ground. 
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Dissolved  oxygen. — The  dissolved-oxygen  content  is  essen- 
tial for  the  respiration  of  the  animals.  Its  fluctuation  depends 
mainly  upon  the  temperature  of  the  water.  At  low  tempera- 
ture the  water  contains  more  oxygen,  and  at  high  temperature 
it  contains  less  oxygen.  Winkler's  method  was  used  in  the 
oxygen  determinations.  The  lowest  record  was  3.92  cc  per 
1,000  cc  water  in  June  and  6.29  cc  per  1,000  cc  in  January,  the 
latter  being  the  highest  in  average.  The  yearly  average  was 
5.19  cc  in  1932. 

Other  chemical  conditions. — The  detailed  analysis  of  the  sea 
water  from  the  amphioxus  ground  was  worked  out  by  Liu  and 
She.  (27)  The  data  of  these  workers  were  based  upon  three 
collections  in  the  fall  and  winter  of  1932,  and  spring  of  1933. 

Most  of  the  elements  or  compounds  mentioned  in  this  paper 
are  not  directly  related  to  amphioxus,  but  they  are  related  to 
the  chemical  composition  of  the  sea  water  and  growth  of  food 
materials.  For  this  reason  the  results  of  the  analysis  are  given 
in  Table  16. 

Table  16. — Chemical  analysis  of  sea  water  from  amphioxus  grounds. 


Substance. 

Fall. 

Winter. 

Spring. 

Nitrate 

p,  p.  TO. 

0.2440 

0,1310 

0.0020 

2290.0000 

8.4000 

98.2000 

14705.000 

55.8000 

p.  p.  m. 

0.8060 

0.4270 

0.0040 

2230.0000 

9.0000 

97.6000 

16,906.0000 

56.0000 

p.  p.  m. 

0.5230 

0.2300 

0.0034 

2150.0000 

8.9000 

99.4000 

16,706.0000 

56.8000 

0.0190 

7.5300 

41.4000 

1.5000 

328.0000 

10,620.0000 

320.0000 

1,126.0000 

0.0400 

Nitrite.. ___ _ 

Phosphorus  pentoxide 

Sulfate                                                                

Carbonate.     _   

Rifarbonate                                                            -- 

Chloride             _ -- 

Bromide                               .-     -   ■ 

Iodine                   -                     . ._---- 

7.0400 

38.3000 

2.0000 

365.0000 

10,140.0000 

323.0000 

1,152.0000 

0.2000 

8.2600 

40.8000 

2.5000 

359.0000 

9,940.0000 

842.0000 

1,166.0000 

0.0200 

AlbllTi^innid  aTTimonia                                                   . 

Silica - - 

Potassium - 

Sodium . 

Calcium . . 

Magnesium -..- 

Iron       ________-_-.-._-.-«_..-._-_-._-.-.--- 

Among  the  above  elements  or  compounds,  nitrate,  nitrite,  phos- 
phorus pentoxide,  and  silica  affect  the  growth  of  diatoms.  Car- 
bonate and  bicarbonate  affect  pH  value.  Cloride,  bromide, 
iodine,  potassium,  sodium,  calcium,  magnesium,  and  iron  affect 
salinity.  Saline  ammonia  and  albuminoid  ammonia  affect  bac- 
teria in  the  water. 
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BIOLOGICAL   CONDITIONS 

Animals  and  plants  used  as  food  by  amphioxus, — Microscopic 
plankton  in  the  sea  water,  small  protozoa,  small  plants,  and 
decomposed  material  at  the  bottom  constitute  the  chief  food 
of  amphioxus.     The  commonest  among  them  are  the  diatoms. 

More  than  200  young  (less  than  8  mm  long)  amphioxus  were 
examined,  and  only  small  diatoms  were  found  in  their  diges- 
tive tracts.  The  commonest  species  were  Paralia  sculata,  Cos- 
cinodiscus  lineatus,  Nitzchia  spp.,  Navicula  spp.,  and  Rhizoso- 
lenia  spp.  More  than  200  large  (45  to  50  mm  long)  amphioxus 
were  examined  by  squeezing  the  faecal  matter  out  from  the  in- 
testines and  treating  the  latter  with  acid.  The  diatoms  observed 
were  Podosira  stelliger,  Actinocyclus  Ehrenbergi,  Coscinodiscus 
lineatus,  C.  excentricus,  C  subtilis,  C.  marginatus,  C.  asterom- 
phalus,  Cyclotella  striata,  C.  stylorum,  C.  comta,  Actinoptychus 
undulatus,  A,  annulata,  Triceratium  favus,  T.  Broeckii,  Biddul- 
phia  pulchella,  Trachyneis  aspera,  T,  clepsydra,  Navicula  crabro, 
N.  elUptica,  N.  lyra,  N,  longa,  N.  directa,  N.  abrupta,  Amphora 
commutata,  Pleurosigma  Normanii,  P.  pelagicum,  P.  navicula- 
ceum,  Surirella  fluminensis,  Campylodiscus  ( ?)  cocconeiformis, 
and  Nitzschia  punctata.i^) 

The  following  planktonic  organisms  were  commonly  collected 
from  the  sea  water  of  the  amphioxus  ground.  All  of  them 
were  easily  dissolved  by  hot  acid.  Some  of  them  were  dis- 
sected from  the  pharynx  or  intestines  of  living  amphioxus. 
The  forms  collected  were  Corethron  criophillium,  Chaetoceras 
decipiens,  Biddulphia  sinensis,  Asterionella  formosa,  Leptocy- 
lindrus  denicus,  Coscinodiscus  lineatus,  Thallassiothrix  nitz- 
schioides,  Guinardia  sp.,  Eucampia  zodiacus,  Rhizosolenia  shrub- 
solei,  Noctiluca  scintillans,  tunicate  larvse,  echinoderm  larvae, 
crustacean  larvae,  and  copepod  larvse. 

Animals  that  seem  to  be  indifferent  to  amphioxus, — Three 
groups  of  animals  were  found  in  the  amphioxus  grounds, 
namely:  molluscan  shells,  annelids,  and  crabs.  Some  of  them 
are  beneficial  and  others  harmful,  but  most  of  them  are  apparent- 
ly indifferent  to  amphioxus. 

Molluscan  shells: 

Murex  martinianus  Reeve,  few;  Ranella  tuberculata  Bred., 
few ;  Surcula  tuberculata  Gray,  rare ;  Engrina  sinensis  Melville, 
rare;  Natica  fortunei  Reeve,  rare;  N,  maculosa  Lamarck,  few; 
Pyramidella  elegans   (Adams),  few;  Scalaria  obesa  Sowerby, 
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rare;  S,  acuminata  Sowerby,  rare;  Potamides  fluviatilis  (Potiz 
and  Michaud),  few;  Triforis  fusca  Dunker,  rare;  Euchelus  horri- 
dus  (Philippi),  common;  Retusa  cecillei  (Philippi),  common; 
Cuma  grada  (Jonas),  abundant;  Eburna  lutosa  Lamarck,  few; 
Erillia  lanceolata  (Reeve),  rare;  Turritella  bacillum  Kien,  com- 
mon; Turbonilla  terebra  bunker,  few;  Scalaria  aculeata  Sower- 
by, few;  Cerithium  rubus  (Martin),  few;  Minolia  stigata  So- 
werby, common ;  Columbella  dunkeri  Tryon,  few. 

All  the  above  specimens  were  dredged  at  Liuwutien  during 
the  study  of  the  distribution  of  amphioxus.  With  the  presence 
of  these  shells  and  other  calcareous  materials  the  amphioxus 
ground  is  always  kept  at  a  pH  value  8.4,  which  is  the  optimum 
condition  for  the  amphioxus. 
Annelids : 

Table  17  shows  the  annelids  found  in  the  amphioxus  ground. 

Table  17. — Annelids  found  in  the  amphioxus  ground. 

Name.  l^ouiSe?  ^^^^^  ^^  collection. 

Clymens  (Euclymens)  insecta  Ehlers  few  June. 

Diopatra  dentata  Kinberg  do.  Mar.-June. 

Eunice  gracilis  Crossland  rare  June. 

Glycera  chirori  Izuka  few  Jan.-April. 

Glycera  onomichinensis  Izuka  abundant  Whole  year. 
Blycinde  sp,   (juvenile)                                             do.  Do. 

Lunbricinereis  ocellata  Grube  do.  Do. 

Lysidice  collaris  Grube  few  Winter  spring. 

Marphysa  sanguinea  Montagu  do.  June-July. 

Nephthya  sinensis  Fauvel  abundant  Whole  year. 

Nereis  sp.  (juvenile)  rare  June. 

Onuphis  eremita  Aud.  &  Edw.  do.  June-July. 

Phyllodoce  malmgreni  Gravier  var.  do.  June. 

Polydora  ciliata  Johnston  abundant  Whole  year. 

All  annelids  mentioned  in  Table  17  (8)  are  indifferent  to  am- 
phioxus, and  they  are  less  numerous  than  amphioxus. 

Crabs  collected  by  previous  workers  in  the  University  of 
Amoy,  and  identified  by  Dr.  M.  J.  Rathbun(39)  of  the  United 
States  National  Museum: 

Camptandrium  elongatum  Rathbun,  Eucrate  crenata  de  Man, 
Ilyoplax  delsmaniyuhana  Rathbun,  /.  cerarophora  (Loelbel),  /. 
orientalis  (de  Man),  Charybdis  mergniensis  (de  Man),  Metaplax 
elegans  de  Man,  Sor  fukiensis  Rathbun,  Uca  forcipata  (Adams 
&  White) ,  Parapanope  euagora  de  Man,  Sesarma  (Parasesarma) 
batavianum  de  Man. 
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Enemies  of  amphioxus, — Starfishes  feed  upon  amphioxus,  but 
they  are  relatively  scarce  at  Liuwutien.  Fishes  also  feed  upon 
amphioxus,  especially  the  larvse.  Many  kinds  of  infusoria,  such 
as  Oxytrica  ferruginea  Stein,  Euplotes  harpa  Stein,  and  others, 
in  the  amphioxus  grounds,  are  also  harmful  to  amphioxus.  Ci- 
liates  easily  kill  amphioxus  by  infecting  them  through  injured 
parts,  however  small  the  wounds  may  be. 

The  tide  is  also  harmful  to  amphioxus  during  the  breeding 
season,  since  it  carries  away  young  amphioxus  to  unsuitable 
places. 

As  a  whole,  the  so-called  unfavorable  conditions  found  in  Amoy 
waters  are  not  sufficient  to  cause  the  depletion  of  amphioxus. 

Fisheries. — Man  catches  amphioxus  for  food.  However,  since 
the  amphioxus  on  the  ground  are  quite  numerous,  and  people 
usually  do  not  fish  amphioxus  during  the  breeding  season,  the 
amphioxus  fishery  is  well  protected  from  depletion. 

HOW  TO  KEEP  AMPHIOXUS  ALIVE  IN  THE  LABORATORY 

The  above  studies  clearly  determined  the  optimum  environ- 
ment of  amphioxus,  and  with  the  information  obtained  I  was  able 
to  keep  amphioxus  alive  in  the  laboratory.  They  were  kept  in 
good  health  in  the  laboratory  for  8  months,  and  died  only  after 
I  left  Amoy.  Square  (6-  by  6-  by  10-inch)  museum  jars  were 
used  for  holding  five  to  ten  individuals.  Essentially  each  jar 
contained  clear  sea  water  and  a  sandy  bottom  about  0.5  inch 
thick.  Favorable  conditions  essential  to  the  life  of  amphioxus 
include  the  following: 

Health, — The  regenerating  power  of  the  amphioxus  is  very 
low.  An  injury  of  the  skin  does  not  heal  readily,  so  that  the 
wounded  portion  is  infected  by  many  kinds  of  infusoria  and 
bacteria,  which  multiply  rapidly  and  finally  kill  the  amphioxus. 
Therefore  care  must  be  observed  in  washing  the  amphioxus. 
If  some  wounded  amphioxus  are  found  they  must  be  removed 
immediately.  Examination  for  wounded  individuals  must  be 
made  every  12  hours  during  the  first  few  days. 

Hydrogen-ion  concentration  (pH  value) , — A  certain  range  of 
pH  value  is  necessary  for  the  life  of  amphioxus,  which  can  be 
maintained  in  good  condition  in  waters  between  pH  7.4  and 
8.6.  If  acidity  increases  to  7.2  or  more  the  amphioxus  die  within 
a  few  minutes,  and  if  alkalinity  increases  to  8.8  or  more  they  also 
die  quickly,  since  the  water  has  lost  its  buffer  reaction. 
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Temperature. — From  the  above  studies  we  know  that  the 
optimum  range  of  temperature  for  amphioxus  is  from  12  to  30.5° 
C.  Within  this  range  it  is  not  difficult  to  keep  them  alive.  But 
the  two  extreme  temperatures  are  not  suitable.  The  most  favor- 
able period  to  keep  the  amphioxus  in  the  laboratory  is  in  the 
spring  and  fall,  but  it  is  possible  to  keep  them  alive  in  the  cold 
winter  and  in  the  hot  summer  by  increasing  or  decreasing  the 
temperature  by  artificial  means,  as  the  case  may  be. 

Water. — Large  quantities  of  water  are  necessary  to  keep  all 
the  physical,  chemical,  and  biological  conditions  as  constant  as 
possible.  All  museum  jars  must  be  covered  partly  to  cut  down 
the  evaporation  of  the  water  and  to  protect  it  from  the  dust 
in  the  air. 

Salinity. — The  most  important  factor  relative  to  amphioxus 
in  the  laboratory  is  the  amount  of  salinity.  The  changes  of 
salinity  at  Liuwutien  are  relatively  small,  only  7.4  grams  per 
liter  difference  during  1932.  An  experiment  was  carried  out  in 
the  laboratory  to  test  the  amount  of  salinity  required  by  am- 
phioxus. The  pH  value  of  the  water  used  was  8.4.  The  re- 
sults are  shown  in  Table  18. 


Table  18. — Amphioxus  in  relation  to  salinity. 


Salt  content  in  1,000  cc  water. 

length  of  life. 

Salt  con- 
tent in 

1,000  cc 
water. 

Length  of  life. 

0.2 ___              

2  seconds 

cc. 

24.2 

29.2 

32.6 

35.5 

38.5 

41.5 

50.0 

65.0 

80.0 

Nil. 

Do. 
3  days. 
1.5  days. 
1.0  day. 
3  minutes. 
2  minutes. 
10  seconds. 
2  seconds. 

3.0 

do_ 

5.0 _ 

1  minute 

7.5 _ ___ _ 

2.5  minutes 

9.5 __ -- 

3.0  minutes 

11.6 -- 

3 . 5  minutes 

14.0 _ --- 

4.0  minutes 

16.2 - 

5  days 

19.2 

Nil 

Table  18  shows  that  between  19.2  and  29  grams  of  salt  per 
liter,  amphioxus  can  live  normally.  Salinity  contents  beyond 
either  extreme  kills  the  animals.  The  experiment  has  been  re- 
peated 6  times  with  similar  results. 

Food. — Amphioxus  may  be  kept  in  the  laboratory  without 
food  for  from  1  to  2  months,  but  they  do  not  grow  and  usually 
lose  weight.    If  some  microplankton  is  added  to  the  water  from 
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time  to  time,  they  grow  normally.    Among  planktons  diatoms 
are  the  best  food. 

Summary, — In  order  to  keep  amphioxus  alive  in  the  laboratory 
the  animals  must  not  be  injured;  the  pH  of  the  water  should 
be  about  8.4;  the  temperature  must  be  between  12  and  30°C.; 
and  the  salinity  must  be  from  19  to  29  grams  per  liter.  More- 
over, the  quantity  of  water  must  be  kept  more  or  less  constant, 
and  the  food  should  consist  of  microplankton,  among  which 
diatoms  are  best.  Given  these  conditions,  amphioxus  can  be  kept 
in  the  laboratory  without  much  trouble. 

VERTICAL  DISTRIBUTION  OF  YOUNG  AMPHIOXUS 

Young  amphioxus  are  found  in  the  plankton  population  by 
some  zoologists,  such  as  Bles(2)  at  Plymouth.  In  the  summer 
of  1933,  while  I  was  engaged  in  the  collection  of  embryological 
stages  of  amphioxus,  I  had  opportunity  to  study  the  vertical 
distribution  of  young  amphioxus.  Adult  amphioxus  usually 
burrow  in  the  sand  and  rarely  swim  in  the  water,  but  larvse  from 
2  to  3  millimeters  long  invariably  swim  about  and  form  part  of 
the  planktonic  fauna  of  the  sea. 

METHODS 

The  plankton  net  used  was  made  of  raw  silk,  with  913  meshes 
per  square  centimeter,  with  a  tin  funnel  at  its  tip.  Two  nets 
were  used  in  towing,  one  placed  near  the  surface  and  the  other 
at  the  bottom  of  the  water.  The  area  of  each  net  was  1,661.91 
square  centimeters.  The  net  was  attached  to  a  small  boat  with 
a  constant  speed,  traveling  1,600  meters  in  half  an  hour  in  all 
collections,  so  that  the  total  volume  of  sea  water  filtered  in  each 
collection  was  nearly  266  liters.  Concentrated  formalin  (with 
borax)  was  added  to  the  water  to  make  a  5  per  cent  solution. 
In  this  way  the  specimens  are  both  fixed  and  preserved. 

The  oxygen  content  was  determined  according  to  Winkle's 
method,  the  pH  value  was  compared  with  a  colored  disc  against 
light  by  adding  cresol  red  indicator,  and  the  total  salt  concen- 
tration was  calculated  by  the  volume  of  silver  nitrate  solution 
used  in  the  presence  of  potassium  chromate  indicator.  The 
height  of  the  tide  was  calculated  from  the  tide  table  at  Amoy 
and  not  from  actual  measurements.  Table  19  and  text  fig.  13 
show  the  physical  conditions  of  the  amphioxus  ground  at  Liu- 
wutien,  Amoy,  and  the  distribution  of  amphioxus,  July  8  and  9. 
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Fig.  13.     Vertical  distribution  of  young  amphioxus  and  other  related  phenomena. 


Table  19. — Distribution  of  young  planktonic  amphioxus  and  its  relation 

to  other  phenomena. 

Weather:  sunny,  blue  sky,  no  wind,  no  clouds;  locality:  Liuwutien,  Amoy,  24**  85'  north  lati- 
tude, 118"  11'  east  longitude;  date:  July  8  and  9,  1933;  oxygen  content:  3.9  cc  in  1,000 
cc  water;    pH  value:    8.4;   salinity:    27.2  grams  in   1,000  cc  water. 


Date. 


July  8- 
July  9_. 


Time. 


Tide  mark. 


2  p.m. 

6  p.  M. 

10  p.  M. 

2  A.  M. 

6  A.  M. 
10  A.  M. 


Per  cent. 
33.4 
33.4 

100.0 
33.4 
33.4 

100.0 


Light 
intensity. 


Per  cent. 

100 

50 

0 

0 

50 

100 


Temperature. 


Ur. 

Water. 

C. 

oC. 

32.2 

31.0 

29.0 

28.8 

28.0 

28.8 

27.7 

28.9 

27.2 

29.0 

29.0 

28.9 

Date. 


2  p.  M.- . 

Julys {    6p.m... 

10  P.  M._. 
2  a.m... 

July  9 {    6  a.m... 

.10  a.m... 


Plankton  volume. 


Surface.       Bottom.         Total 


228 
707 
389 
410 
283 
212 


cc. 
212 
990 

1,343 
778 
424 

2,969 


ce. 

440 
1,697 
1,732 
1,088 

707 
3,181 


Young  amphioxus. 


Surface.       Bottom.         Total. 


0 

73 

186 

18 

0 

0 


0 

0 

120 

193 

360 

536 

115 

133 

4 

4 

0 

0 
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DISCUSSION 

The  floating  organisms  or  plankton  in  the  sea  drift  with  tide 
and  current.  Thus  distribution  depends  partly  on  physical  and 
chemical  changes  of  the  sea  water,  particularly  in  the  case  of 
planktonic  amphioxus. 

Change  in  oxygen  content  may  affect  the  distribution  of  plank- 
ton and  other  living  organisms,  but  since  the  oxygen  content  at 
Liuwutien  is  nearly  saturated  the  distribution  depends  upon  the 
temperature  only.  Since  the  temperature  is  nearly  uniform 
throughout  the  day,  it  is  not  necessary  to  determine  it  in  all 
collections.  Changes  in  pH  value  and  salinity  are  mainly  due 
to  the  influx  of  fresh  water  either  from  inland  or  from  rains. 
This  finding  was  confirmed  by  observations  made  during  the 
year. 

Table  19  and  text  fig.  13  show  many  correlations  in  positive 
and  negative  directions.  The  number  of  young  amphioxus  col- 
lected shows  inverse  correlation  with  the  intensity  of  sunlight. 
When  sunlight  was  strong,  young  amphioxus  had  the  tendency 
to  burrow  in  the  sand,  and  when  the  light  became  less  bright 
they  became  more  active  and  swam  in  the  sea.  After  10  P.  M., 
when  the  intensity  of  light  became  weaker  and  the  sea  water 
darker,  young  amphioxus  could  be  collected  from  both  surface 
and  bottom  nets.  At  midnight  the  number  of  young  amphioxus 
collected  was  at  its  height,  decreasing  gradually  thereafter  until 
no  more  amphioxus  could  be  collected  with  the  surface  net  and 
only  4  specimens  with  the  bottom  net.  All  these  findings  show 
that  amphioxus  is  negatively  phototropic,  confirming  the  results 
of  Parker's  experiments.  (37) 

Aside  from  the  effects  of  light  intensity,  the  distribution  of 
amphioxus  and  the  frequency  curve  of  the  number  of  young 
amphioxus  collected  is  governed  also  by  the  tide,  which  carries 
the  water  in  between  4  and  10  P.  M.,  bringing  with  it  the  young 
amphioxus  from  the  eastern  part  of  the  amphioxus  grounds. 
After  the  highest  tide  mark  is  reached,  the  young  amphioxus 
are  again  carried  away  with  the  tide,  so  that  the  number  of 
amphioxus  at  6  A.  M.  is  less  than  that  at  6  P.  M.  Thus  the  fre- 
quency curve  is  not  symmetrical. 

The  distribution  of  young  amphioxus  is  influenced  by  the 
tide  but  not  correlated  with  it.  If  it  were,  there  ought  to  be 
a  large  number  of  young  amphioxus  at  10  A.  M.,  when  the  tide 
is  supposed  to  have  reached  the  highest  level  and  the  volume 
of  the  total  plankton  collected  in  the  net  is  largest.     However, 
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this  was  not  the  case,  as  the  tide  was  found  not  to  correlate  with 
the  distribution  of  young  amphioxus. 

The  height  of  the  tide  and  the  total  volume  of  the  plankton 
showed  a  positive  correlation.  Both  maximal  and  minimal 
points  were  apparently  the  same.  When  the  tide  comes,  it 
usually  brings  in  living  floating  organisms,  and  when  it  goes 
out,  it  carries  them  away.  The  total  volume  of  each  sample 
from  the  surface  tow  net  was  almost  the  same  from  each  col- 
lection, but  it  was  quite  different  among  bottom  samples.  The 
total  volume  from  the  bottom  net  in  each  collection  changed 
greatly  during  the  day.  From  this  observation  we  may  conclude 
that  the  changes  of  sea  water  were  limited  only  at  the  bottom 
and  the  planktonic  organisms  were  likewise  limited  at  that 
particular  space  and  time.  From  this  study  it  appears  that 
the  asymmetrical  distribution  of  the  number  of  young  am- 
phioxus as  well  as  plankton  is  influenced  by  the  tide.  If  the 
water  decreases  rapidly  at  midnight  a  large  number  of  young 
amphioxus  may  be  carried  away  from  the  grounds.  Although 
the  second  tide  of  the  day  may  carry  some  of  them  back  again, 
it  always  occurs  at  noon  when  the  young  amphioxus  confine 
themselves  to  the  bottom. 

GROWTH   OP  AMOY  AMPHIOXUS 

Considerable  diflSculty  was  encountered  in  the  study  of  the 
growth  of  amphioxus,  since  they  live  at  the  bottom  of  the  sea 
and  no  observation  would  be  made  directly.  It  was  also  difficult 
to  maintain  the  natural  conditions  for  the  study  of  their  growth 
in  the  laboratory.  The  present  report  deals  with  a  statistical 
study  of  the  sizes  of  amphioxus  from  which  was  computed  the 
rate  of  growth  of  amphioxus. 

Methods. — Sixty-three  collections  were  made  during  1931  and 
1932.  Ten  monthly  samples  were  obtained  (except  during  July 
and  August)  in  1931,  and  the  remaining  53  samples  were  col- 
lected at  weekly  intervals  in  1932. 

Collections  of  samples  were  made  throughout  the  whole  ex- 
periment in  grounds  between  the  town  of  Liuwutien  and  the 
Crocodile  Islands.  The  collector  and  the  fisherman  who  made 
the  collections  were  maintained  throughout  the  experiment. 
Each  sample  usually  consisted  of  5,000  cc  of  sand.  It  was  taken 
in  a  tin  bucket,  and  contained  several  hundreds  of  amphioxus. 
Separation  by  washing  the  sand  from  the  amphioxus  was  done 
in  the  laboratory,  care  being  taken  to  search  for  small  indivi- 
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duals.  After  washing  the  amphioxus  were  carefully  placed  in 
large  dishes  with  adequate  clear  sea  water.  Then  they  were 
narcotized  with  magnesium  sulphate.  Several  drops  of  10  per 
cent  formalin  solution  was  added  subsequently  in  order  to  kill 
the  amphioxus.  The  dead  individuals  were  then  moved  to  an- 
other dish  containing  10  per  cent  formalin  for  preservation.  In 
this  way  the  amphioxus  were  easily  fixed  and  preserved. 

The  individuals  were  classified  into  different  groups  according 
to  that  age,  for  the  purpose  of  making  a  statistical  study  by 
the  method  used  by  Galton  for  separating  the  19  kinds  of  beans 
in  a  mixed  condition.  The  writer  classified  them  into  four  age 
groups,  namely:  (1)  The  first-year  amphioxus;  that  is,  from 
the  young  presumably  hatched  in  June  and  July  to  the  end  of 
the  year,  during  a  period  of  6  months.  (2)  The  second-year 
amphioxus;  that  is,  those  hatched  in  June  and  July  of  the  pre- 
ceding year.  These  amphioxus  were  from  an  age  group  of  6 
months  old  to  1.5  years  old.  (3)  The  third-year  amphioxus; 
those  hatched  in  the  year  before  the  last,  from  1.5  to  2.5  years 
old.  (4)  The  fourth-year  amphioxus;  those  from  2.5  to  3  years 
old.     The  amphioxus  may  die  after  attaining  this  age. 

Second-year  and  third-year  amphioxus  may  be  divided  into 
subclasses,  such  as  (a)  those  without  gonads,  (6)  those  with 
little  gonads,  (c)  those  with  large  gonads,  and  (d)  those  with 
spent  gonads. 

After  the  classifying  work  was  finished  the  amphioxus  were 
bottled  and  carefully  labeled.  All  the  specimens  were  deposited 
in  the  Department  of  Biology,  the  National  University  of  Amoy, 
Amoy. 

Measurements  of  the  individuals  were  made  with  a  short 
meter  stick  in  a  small  petri  dish  in  a  wet  condition.  One  hun- 
dred thousand  amphioxus  were  studied  and  measured  for  this 
work.  About  one  out  of  ten  individuals  were  collected  in  1931, 
and  the  rest  in  1932.  The  gonads  were  measured  under  a 
Greenough  binocular  microscope  with  the  aid  of  an  ocular  mi- 
crometer. The  lengths  of  the  amphioxus  represented  the  aver- 
age  lengths  of  the  class.  Dates  of  collection  and  other  data  for 
1932  have  been  discussed  in  the  section  on  ecology.  Table  20 
and  text  figs.  14  and  15  show  the  rate  of  growth  of  amphioxus, 
in  1931  and  1932;  Table  21  shows  the  actual  number  of  indi- 
viduals collected  in  1932,  and  Table  22  shows  the  number  for 
each  class  in  percentage.  Text  fig.  16  shows  the  growth  of 
gonads  in  second-year  and  third-year  amphioxus,  and  text  fig. 
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Fig.   14.     Growth   of  amphioxus   in    1931   and    1932. 
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Fig.    15.     Rate  of   grrowth   of   Amoy   amphioxus,    expressed   in    logarithmic  curve. 
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Fig.    16.     Growth   of   gonads    in    second-year   and   third-year  amphioxus. 


Fig.  17.     Different  aged  amphioxus  in  each  month,  in  per  cent. 
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17  shows  the  ages  by  percentage  of  amphioxus  caught  in  each 
month. 

Table  20. — The  growth  of  amphioxus,  in  millimeters. 


Date  of  measurement. 

Amphioxus. 

Gonads. 

Less 
than  6 
months 

old. 

1st- 
year. 

2d- 
year. 

3d- 
year. 

4th- 
year. 

Small- 
est. 

2d-year 
amphi- 
oxus. 

3d-year 

am- 
phioxus. 

1931 

Januarv 

24.64 
24.00 
22.95 
26.12 
28.42 
27.49 

41.32 
39.93 
41.58 
41.75 
40.01 
42.55 

49.36 
53.20 
52.10 
53.00 

April                                  --   - 

May- 

11.11 
16.13 
18.75 
15.63 

17.74 
20.20 
21.31 
22.06 
25.19 
29.12 
31.19 
32.10 
36.11 
37.78 
38.40 

36.09 
38.91 
36.38 
38.  r5 

41.14 
43.48 
42.81 
43.61 
44.87 
44.30 
44.15 
45.61 
47.27 
47.49 
49.20 

43.38 
44.59 
44.59 
48.18 

52.10 
53.20 
52.86 
57.00 

October 

1932 

Januarv  1  to  31 _-.»_ 

8.2 

8.0 

10.0 

10.0 

12.0 

3.0 

7.0 

7.0 

6.0 

11.0 

8.0 

0.806 
1.022 
0.504 
0.278 
0.662 
0.950 

0.726 
0.861 
1.258 
1.588 
1.711 
1.322 
1.242 
0.684 
0.604 
0.794 
1.260 

February  1  to  March  9_  -   _ 

March  10  to  20 

March  31  to  Mav  18   _-     _ 



Mav  19  to  June  13 

June  14  to  July  13 

July  14  to  August  21 

August  22  to  September  30- 
Oftohf'r  1  to  31 

8.80 
11.00 
11.70 

6.71 
18.07 
17.54 

November  1  to  30 

December  1  to  31 

Ist-year 

2d-year 

3rd-year 

4th-year 

Breeding  season. — The  breeding  season  of  amphioxus,  as 
shown  by  the  number  of  newly-hatched  amphioxus  obtained  and 
by  the  size  of  the  gonads  measured,  occurs  twice  a  year;  (a) 
from  May  to  July,  and  (&)  in  December. 

The  size  of  the  smallest  individuals  is  given  in  Table  20, 
showing  that  the  smallest  of  the  small  amphioxus  collected 
monthly  were  collected  in  the  middle  of  June,  after  which  the 
individuals  increased  in  size  until  the  end  of  November.  In 
December  the  smallest  size  of  amphioxus  (8  mm  long)  appeared 
again,  another  group  of  young  amphioxus  having  been  spawned 
at  that  time. 

The  determination  of  the  breeding  season  on  the  basis  of  the 
finding  of  the  smallest  amphioxus  is  not  a  very  accurate  method, 
since  the  tiny  individuals  may  be  easily  lost  during  washing. 
Therefore  the  size  of  gonads  was  also  measured.  The  results 
appear  to  indicate  more  definitely  the  breeding  season. 
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The  first-year  amphioxus  had  no  gonads.  But  the  second- 
year  individuals  had  little  gonads  at  the  end  of  May  which 
enlarged  quickly  in  June  and  reached  their  maximum  size  in 
July.  After  July  many  amphioxus  were  spawned,  and  as  a 
result  the  average  size  of  the  gonads  decreased.  Beginning 
with  December  the  gonads  became  enlarged  again,  and  decreased 
again  in  January  of  the  following  year.  The  degree  of  shrink- 
age in  this  period  was  very  slight,  since  only  a  few  amphioxus 
were  spawned  in  December  and  January. 

The  gonads  of  the  third-year  amphioxus  became  larger  and 
larger  and  reached  their  maximum  size  in  May.  Then  they 
decreased  gradually  and  reached  their  minimum  in  December. 
During  this  decreasing  process  numerous  amphioxus  were  born. 
The  fourth-year  amphioxus  was  the  largest  but  contained  no 
gonads ;  at  about  that  age  the  animal  presumably  dies. 

From  the  study  of  the  size  of  gonads  we  may  infer  that  the 
amphioxus  had  three  spawning  seasons  during  the  period  under 
study.  The  first  was  in  June  and  July,  1931,  when  the  am- 
phioxus was  1  year  old.  In  this  period  a  moderate  number  of 
amphioxus  were  born.  The  second  spawning  period  occurred 
in  December  and  January,  when  the  amphioxus  was  1.5  years 
old,  and  in  this  period  relatively  few  amphioxus  were  born. 
The  third  occurred  from  May  to  December,  when  the  amphioxus 
was  2  to  2.5  years  old,  and  in  this  period  numerous  amphioxus 
were  born. 

The  growth  of  amphioxus. — The  growth  data  is  shown  in 
Table  20  and  text  fig.  14.  All  measurements  in  the  table  rep- 
resent averages  of  numerous  individuals  (Table  21)  collected. 

First-year  amphioxus.— In  June,  1932,  several  hundreds  of 
small  amphioxus,  measuring  around  8.8  mm,  were  collected. 
These  grew  to  a  length  of  17.54  mm  by  the  end  of  the  year, 
increasing  their  size  by  8.74  mm  between  June  and  December. 
More  or  less  the  same  rate  of  growth  obtained  for  the  first-year 
amphioxus  of  1931. 

Fortunately  I  also  collected  many  very  young  amphioxus  by 
tow  net  in  July,  1933,  as  mentioned  in  connection  with  the  ver- 
tical distribution  of  the  young  amphioxus. 

The  specimens  collected  were  from  the  1-gill  stage  to  the 
12-gill  stage,  and  had  a  length  of  about  6  mm.  Thus  the  am- 
phioxus grew  fastest  during  the  first  few  weeks  and  reached 
a  length  of  8.8  mm.  Therefore  the  rate  of  growth  (text  fig. 
15)  was  highest  in  the  first  few  weeks  and  slowed  down  before 
the  end  of  the  first  half  year. 


408  The  Philippine  Journal  of  Science  3941 

Amphioxus  collected  in  December  were  smaller  than  those 
collected  in  November,  both  in  1931  and  in  1932,  apparently  due 
to  the  appearance  of  newly-hatched  amphioxus  in  this  period. 
There  was  no  way  of  separating  the  new  individuals  from  the 
older  ones,  since  the  breeding  season  for  the  third  year  am- 
phioxus was  continuous  from  May  to  the  end  of  the  year  as 
mentioned  before.  Moreover  the  young  individuals,  born  from 
the  second-year  and  the  third-year  amphioxus  were  similar  and 
could  not  be  distinguished  from  one  another. 

Second-year  amphioxus, — The  second-year  amphioxus  in  1932 
were  born  in  June,  1931.  They  grew  from  17.74  mm  to  38.4 
mm  in  12  months,  an  increase  of  20.66  mm.  When  the  am- 
phioxus reached  a  length  of  29.12  mm  the  gonads  began  to  ap- 
pear, and  when  they  reached  a  length  of  31.19  mm  the  gonads 
reached  maturity.  The  records  for  1931  were  very  much  the 
same,  except  that  the  size  was  slightly  greater  in  January. 

Third-year  amphioxus, — The  second-year  amphioxus  of  1931 
became  the  third-year  individuals  in  1932.  They  grew  to  a 
length  of  from  41.14  to  49.2  mm  in  this  year,  an  increase  of  8.06 
mm.  Some  of  the  amphioxus  of  this  age  group  spawned  at  the 
beginning  of  the  year,  and  therefore  had  no  enlarged  gonads. 
However,  most  of  them  contained  small  gonads  while  many  con- 
tained large  gonads.  In  the  middle  of  the  year  the  amphioxus 
collected  contained  large  gonads  which  were  gradually  dis- 
charged before  the  end  of  the  year.  The  record  obtained  in 
1931  was  exactly  the  same  as  that  for  1932. 

Fourth-year  amphioxus, — At  the  end  of  the  third  year  all  the 
gonads  were  discharged,  and  only  a  few  of  the  individuals  were 
able  to  live  up  to  the  beginning  of  the  next  year.  These  indivi- 
duals were  called  the  fourth-year  amphioxus.  They  usually 
increased  in  length  to  52.86  (1932)  or  53  mm  (1931),  although 
one  or  two  of  them  actually  reached  a  length  of  57  mm. 

Old  age  of  amphioxus. — Amphioxus  were  found  to  die  from 
July  of  the  third  year  to  April  of  the  fourth  year.  Since  the 
young  amphioxus  were  born  continuously  from  June  to  the  end 
of  the  year  the  life  of  amphioxus  was  from  2  to  8  years. 

Seasonal  distribution  of  different  aged  amphioxus. — The  dis- 
tribution of  the  different  age  groups  of  amphioxus  in  each  month 
was  quite  interesting.  The  first-year  amphioxus  increased  its 
percentage  gradually  from  June  (6.6  per  cent)  to  the  end  of  the 
year  (8.7  per  cent).  The  second-year  amphioxus  were  not 
numerous  in  January  (10.9  per  cent),  but  gradually  increased 
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up  to  the  beginning  of  May  (37  per  cent),  and  suddenly  in- 
creased at  the  end  of  May  (72.7  per  cent).  The  percentage 
continued  to  increase  up  to  the  end  of  the  year  (88.6  per  cent). 
The  third-year  amphioxus  were  numerous  in  the  beginning  of 
the  year  (84.7  per  cent)  and  decreased,  as  the  second-year 
amphioxus  increased,  to  2.7  per  cent  by  December.  The  fourth- 
year  amphioxus  were  relatively  few  both  in  number  of  individ- 
uals and  in  percentage.     All  of  them  disappeared  in  April. 

In  short,  the  third-year  amphioxus  was  predominant  in  the 
first  part  of  the  year,  the  second-year  amphioxus  was  slightly 
predominant  in  the  middle  and  predominant  in  the  latter  part 
of  the  year.  The  first^year  and  the  fourth-year  individuals  were 
relatively  few. 

Growth  and  shape  of  amphioxus, — The  shape  of  the  young 
amphioxus  is  different  from  that  of  the  adult.  At  a  length 
below  20  mm  the  body  is  much  broader  in  the  pharyngeal 
region,  and  narrower  at  the  posterior,  and  becomes  narrower  in 
the  pharyngeal  region  in  proportion  and  almost  uniform  in  size 
from  the  anterior  to  the  posterior  end  when  it  grows  larger. 

AMPHIOXUS  FISHERIES 

The  phrase  "amphioxus  fisheries"  was  first  introduced  by 
Prof.  S.  F.  Light.  He  described  the  fishing  processes  and  pub- 
lished a  few  photographs.  The  present  paper  will  give  more 
detailed  information  about  this  industry,  containing  essentially 
the  information  contained  in  an  article  published  in  Chinese  by 
the  present  writer  and  T.  Y.  Chen,  and,  in  addition,  many  pho- 
tographs relative  to  the  processes  of  fiishing  amphioxus. 

The  history  of  amphioxus  fisheries  and  the  fishing  ground 
were  described  in  earlier  parts  of  this  paper ;  the  present  section 
covers  the  following:  (a)  fishing  villages;  (&)  fishing  equip- 
ment; (c)  fishing  processes;  (d)  fishing  period ;  (e)  annual  pro- 
duction; (/)  methods  of  cooking  amphioxus;  and  (g)  analysis 
and  food  value  of  amphioxus. 

FISHING   VILLAGES 

Ten  small  fishing  villages  are  present  on  the  coast  of  the 
mainland,  at  Liuv^tien  and  vicinity.  About  7,300  inhabitants 
are  scattered  in  these  villages,  of  whom  610,  representing  8.36 
per  cent  of  the  total  population,  are  engaged  in  fisheries. 
Among  the  fishermen  418  individuals,  68.52  per  cent,  are  am- 
phioxus fishermen,  showing  that  this  fishery  is  an  important 
one  in  these  villages.    Usually  two  men  are  working  on  one 
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fishing  boat,  so  that  209  fishing  boats  operate  in  this  region. 
The  distribution  of  the  above  records  in  the  ten  villages  is  given 
in  Table  23. 

Table  23. — The  villages,  fishermen,  and  fishing  boats  engaged  in 
amphioxus  fisheries. 


Village. 


Liuwutien—. 

Pu  Nang 

Lu  An 

Nang  Pien_ . 
Shan  Tao._. 

HsuTsu 

Hoo  Ping 

AuTsu 

Chen  Tsu-__ 
Kuei  Yuan- 
Total 


Total 
population 


1,100 
900 


\i. 


500 


1,700 

1,500 

200 

400 


7,300 


Fishermen. 


100 
150 


70 


200 
40 
30 
20 


610 


Amphi- 
oxus 
fishermen. 


50 
100 
24 
28 
16 
24 
132 
12 
20 
12 


418 


Amphioxu 
fishing 
boats. 


25 
50 
12 
14 

8 
12 
66 

6 
10 

6 


FISHING  EQUIPMENT 

The  amphioxus  fishing  equipment  is  quite  simple  and  primi- 
tive. It  consists  of  (a)  fishing  boat,  (6)  dredge,  and  (c)  wash- 
ing apparatus. 

Fishing  boat — The  fishing  boat  is  very  much  like  an  ordinary 
sampan,  18  feet  long,  5  feet  wide,  2.5  feet  deep,  1.5  feet  at  the 
bow  end,  and  5  feet  at  the  stem  end.  The  capacity  of  the  boat 
is  about  1,000  pounds.  Two  sculls  at  the  stem  are  15  feet  long. 
An  elongated  stone  weighing  more  than  15  pounds,  with  a  long 
cord  attached,  is  used  as  a  sinker.  The  boat,  locally  made,  costs 
about  40  Chinese  dollars,  and  lasts  for  4  to  5  years. 

Dredge. — The  dredging  apparatus  may  be  divided  into  two 
kinds :  light  and  heavy.     Both  are  of  the  same  style. 

The  lighter  dredge  consists  of  an  iron  scoop  resembling  a 
shovel  blade  and  a  bamboo  stick,  having  a  total  weight  of  7.3 
pounds.  The  two  sides  of  the  scoop  are  each  12.5  inches  long; 
the  sharp  edge  is  13  inches  and  the  base  near  the  bamboo  is 
10  inches  long.  The  bamboo  stick,  8  feet  and  2  inches  long,  is 
fastened  to  the  base  of  the  scoop  at  an  angle  of  75°.  This 
lighter  dredge  is  used  only  in  very  shallow  water  during  ebb 
tide. 

The  heavier  dredge  consists  of  three  parts;  namely,  an  iron 
scoop,  a  bamboo  stick,  and  a  long  cable  consisting  of  two  pieces 
of  small  rattan  twined  together.     The  two  sides  of  the  scoop 
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are  each  14.5  inches  long,  the  sharp  edge  being  17  inches,  and 
the  base  15.5  inches  long.  The  bamboo  stick  is  12  feet  3  inches 
long,  while  the  cable  is  10  meters  long.  Between  the  bamboo 
stick  and  the  scoop  a  short  wooden  stick  is  used  to  fasten  them 
together,  and  sometimes  another  iron  chain  is  also  used  between 
the  scoop  and  the  bamboo  stick,  thus  securely  holding  the  scoop. 
The  cable  is  fastened  to  the  other  end  of  the  bamboo.  The 
bamboo  stick  is  filled  with  sand  to  provide  adequate  weight  to 
the  dredge  to  sink  to  the  bottom  of  the  sea.  This  heavy  dredge 
can  catch  amphioxus  at  any  depth,  even  during  the  flood  tide. 

These  apparatus  can  be  used  for  2  years.  The  lighter  one 
costs  3  Chinese  dollars  and  the  heavier  one,  6  Chinese  dollars. 

Washing  apparatus. — Seven  instruments  are  used  for  wash- 
ing amphioxus.  They  are:  (a)  a  bamboo  floater  about  3  to  4 
cubic  feet;  (b)  a  round  wooden  plate,  about  3  feet  in  diameter; 
(c)  a  bamboo  bowl  with  a  long  handle;  (d)  two  wooden  blocks, 
5  by  7  inches;  (e)  a  small,  deep,  split-bamboo  basket,  19  inches 
in  diameter  and  9  inches  deep,  with  two  small  w^ooden  handles 
on  the  sides ;  (/)  a  large,  shallow,  split-bamboo  basket,  25  inches 
in  diameter  and  6.5  inches  deep,  also  with  two  handles;  and 
(g)  a  wooden  vessel,  about  10  inches  in  diameter. 

FISHING   METHODS 

Upon  reaching  the  fishing  ground  the  boat  is  anchored  by 
dropping  the  stone  sinker,  the  cord  of  which  is  fastened  to  the 
side  of  the  boat.  The  boat  is  thus  prevented  from  drifting 
with  the  tide.  Subsequently  a  bamboo  floater  with  a  wooden 
plate  is  put  on  the  surface  of  the  water  on  the  other  side  of  the 
boat.  One  of  the  fishermen  holds  a  bamboo  stick  of  the  dredge 
at  an  angle  of  45°  to  the  holder  (Plate  1,  fig.  1) .  Then  he  throws 
the  dredge  on  the  surface  of  the  water  at  an  angle  of  30°  to  40° 
in  front  of  the  boat  (Plate  1,  fig.  2).  When  the  scoop  reaches 
the  surface,  it  glides  forward  a  little  farther  (Plate  2,  fig.  1), 
increasing  the  towing  distance  on  the  ground.  The  trick  is  not 
easy  for  an  ordinary  man.  The  scoop  can  reach  the  sand  by  its 
own  weight  when  towed  slightly,  otherwise  a  fisherman  would 
have  to  propel  the  boat  backward  for  a  few  feet  in  order  to 
force  the  scoop  into  the  sand. 

When  the  scoop  is  about  to  be  lifted,  it  is  towed  in  the  sand 
for  a  distance  of  5  to  10  feet.  Once  the  scoop  is  away  from  the 
sand,  the  fisherman  strives  to  keep  it  in  a  horizontal  position 
(Plate  3,  fig.  1).     The  lifting  process  is  very  gradual,  so  that 

56874 5 


412  The  Philippine  Journal  of  Science  lui 

the  amphioxus  cannot  be  washed  away  by  the  water.  When  the 
scoop  is  out  of  water  the  contents  are  quickly  poured  on  the 
floating  round  board  (Plate  3,  fig.  2).  These  processess  are 
repeated  many  times  during  the  ebb  tide,  until  enough  amphioxus 
are  collected. 

The  assistant  fisherman,  by  means  of  the  bamboo  bowl,  con- 
tinuously washes  (Plate  3,  fig.  1)  the  sand  away  from  the  round 
board  with  sea  water.  When  the  water  is  poured  on  the  surface 
of  the  sand,  all  the  amphioxus  burrow  into  the  bottom  of  the 
sand;  therefore  only  the  surface  sand  is  washed  away  into  the 
sea.  When  most  of  the  sand  is  washed  away,  the  amphioxus 
on  the  board,  with  whatever  amount  of  sand  is  left  on  them,  are 
placed  in  the  boat. 

After  sufficient  amphioxus  are  captured,  or  when  the  tide  is 
unfavorable  for  fishing  amphioxus,  the  fisherman  returns  to 
the  beach  (Plate  4,  fig.  1),  where  washing  can  be  done  more 
carefully. 

The  amphioxus  and  the  sand  are  taken  out  of  the  boat  with 
two  wooden  blocks  into  a  small  dip  basket.  (Plate  4,  fig.  2). 
By  rotating  the  basket  on  the  surface  of  the  water  (Plate  5,  fig. 
1)  the  fine  sand  and  the  small  amphioxus  are  made  to  pass 
through  the  bamboo  slits  into  the  water,  until  only  the  coarse 
sand,  mollusks,  and  amphioxus  are  left.  These  are  now  trans- 
ferred into  a  large  bamboo  tray  for  further  separation.  The 
bamboo  tray  is  moved  up  and  down  and  back  and  forth  many 
times  to  cause  the  amphioxus  to  float  to  one  side  and  the  sand 
particles  to  sink  to  the  bottom  of  the  basket.  Then  the  am- 
phioxus are  separated  and  placed  into  a  wooden  vessel  for  mar- 
keting. 

THE  FISHING  8SAS0N 

Young  amphioxus  float  in  the  sea  as  planktonic  organisms. 
On  reaching  maturity  they  migrate  down  and  burrow  into  the 
sand,  where  they  remain  the  rest  of  their  lives.  The  fishing 
season  begins  between  August  and  October.  Numerous  boats 
appear  in  the  fishing  grounds  from  December  to  January  of  the 
following  year.  The  last  period  of  the  fishing  season  is  from 
February  to  April,  so  that  amphioxus  fishing  is  carried  on  for 
9  months  of  the  year.  The  daily  fishing  period  is  limited  by 
the  tide,  lasting  4  hours  during  receding  tide. 

It  is  fortunate  that  fishing  for  amphioxus  is  suspended  during 
the  breeding  season,  as  this  practice  reduces  the  danger  of  de- 
pletion.    During  the  breeding  season  the  amphioxus  do  not  taste 
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good,  due  to  the  lack  of  oil  content,  and,  however,  at  this  time  the 
larger  fishes  and  sharks,  which  have  a  higher  market  price,  are 
available.  Also,  during  this  season  the  large  majority  of  the 
people  are  busy  in  the  rice  fields. 

ANNUAL   PRODUCTION 

The  annual  production  of  amphioxus  is  55,845  catties  or 
74,460  pounds  (35  tons),  with  a  value  of  11,727.45  Chinese 
dollars.  This  small  sum  represents  a  large  income  for  these  10 
small  villages  at  Liuwutien  and  its  vicinity.  If  one  pound  of 
fresh  amphioxus,  as  estimated  by  Light,  contains  about  2,500 
individuals,  1,526,430,000  individuals  are  captured  for  food 
annually. 

The  above  figures  are  taken  from  weekly  observations  during 
1932.  The  number  of  fishing  boats  and  the  market  prices  of 
amphioxus  are  shown  in  Table  24. 

Table  24  shows  the  daily  variation  and  monthly  average  of 
prices  and  boats.  The  maximum  number  of  fishing  boats  in 
one  day  occurred  in  January,  when  92  boats  were  observed. 
The  daily  average  of  39.2  boats  was  observed  in  January  and 
only  1  boat  in  June.  The  market  price  was  from  16  cents  to  32 
cents  Chinese  currency  per  catty,  and  21  cents  per  catty  on  the 
average. 

No  tax  has  been  imposed  on  this  industry.  The  average 
quantity  of  amphioxus  captured  by  a  fishing  boat  in  one  day  is 
10  catties.  It  is  worth  about  2  Chinese  dollars,  which  is  a 
good  income  for  the  natives. 

The  fishing  markets  are  distributed  in  the  fishing  villages 
and  in  the  Amoy  market  during  the  cold  season.  At  Liuwutien 
there  is  only  one  old  small  amphioxus  shop,  the  one  shown  in 
Plate  5,  fig.  2.  The  amphioxus  are  also  dried  and  sent  to  Java 
and  Singapore  for  the  emigrants  from  Amoy  and  its  vicinity. 

METHODS  OF  COOKING  AMPHIOXUS 

Amphioxus  has  no  scale  and  no  bone,  and  its  internal  organs 
need  not  be  removed  before  cooking.  The  amphioxus  must  be 
washed  with  fresh  water  in  order  to  reduce  its  salt  content,  and 
then  cooked  with  egg,  beef,  or  pork.  The  dried  amphioxus  are 
prepared  above  a  small  flame  with  a  little  oil  in  a  pan.  Fresh 
amphioxus  may  be  kept  for  a  long  time.  The  dried  amphioxus 
taste  much  better  than  the  fresh.  Dried  amphioxus  usually 
costs  1  Chinese  dollar  a  pound. 
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ANALYSIS  AND  FOOD  VALUE  OF  AMPHIOXUS 

The  food  value  of  amphioxus  compares  with  that  of  other 
food  fishes.  It  produces  1,859  to  2,122  lbs.  /  cals.  per  100  grams. 
The  fat  content  is  rather  low,  but  the  iodine  content  of  the  fat 
is  quite  high.  Protein  is  also  high.  The  residue  is  quite  high, 
three  to  four  times  that  of  ordinary  fishes.  Since  the  amphioxus 
are  washed  with  sea  water  and  then  dried  in  the  sun  for  analysis, 
foreign  particles  are  usually  mixed  with  the  amphioxus,  such 
as  sodium  chloride,  potassium  chloride,  and  silicon  dioxide. 
Phosphorus  is  relatively  low,  while  sulfate  is  relatively  high,  es- 
pecially in  the  summer.  Iron  and  calcium,  which  are  very 
important  in  food  fishes,  are  quite  high. 

The  seasonal  influence  on  amphioxus  analysis  is  very  much 
the  same  as  in  other  fishes.  The  fat  content  is  lower  in  summer, 
when  the  gonads  of  amphioxus  are  fully  grown.  The  fat  con- 
tent is  higher  in  the  fall  when  the  gonads  are  relatively  small. 
Therefore  people  do  not  like  to  eat  amphioxus  in  the  breeding 
season,  as  I  mentioned  before.  Residue  and  heat  value  are  very 
much  the  same  in  different  seasons.  Table  25  gives  a  chemical 
analysis  of  Amoy  amphioxus. 

Table  25. — Chemical  analysis  of  Amoy  amphioxus  (Lau,  IBS^). 


Content. 


Humidity per  cent. 

Heat  value 

Fat per  cent. 

Iodine  value 

Protein grams. 

Ash per  cent. 

SiOs per  cent  of  ash 

Fe20i __ per  cent 

CaO do__ 

MgO do.- 

SOa __ do._ 

KjO do— 

NaaO. _ _do__ 

CI - __do-. 

PtOs do.. 


For  100  grams  of  am- 

Calculated from  100 

phioxus. 

grams  of 

protein. 

Summer. 

Fall. 

Summer. 

Fall. 

7.85 

11,56 
18.59 

21.22 

29.66 

26.88 

2.12 

3.98 

2.98 

5.75 

106.60 

101.6 
69.18 

71.16 

100.00 

100.00 

14.45 

13.79 

20.31 

19.93 

12.73 

19.53 

1.208 

1.819 

4.74 

5.28 

0.673 

0.736 

2.75 

3.72 

0.399 

0.530 

4.48 

4.03 

0.549 

0.485 

1.94 

1.83 

1.350 

1.296 

13.53 

16.33 

2.281 

2.703 

28.91 

24.54 

4.355 

3.629 

29.82 

23.74 

6.054 

4.729 

11.69 

13.13 

1.038 

1.143 

DISCOVERY  OF  QUAMOY  AMPHIOXUS  GROUND,  IN  THE  VICINITY 

OP  AMOY 

Amphioxus  was  recently  discovered  at  the  north  sea  of  Qua- 
moy  Island  in  the  vicinity  of  Amoy.     The  grounds  are  irregular 
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in  shape  and  rather  small  compared  with  those  to  the  North  of 
Amoy  Island.     Text  fig.  18  shows  the  Quamoy  amphioxus  ground. 

Twenty-seven  samples  were  collected  from  this  ground  (about 
1.5  square  miles)  and  its  vicinity.  Sixteen  of  these  samples 
were  found  to  contain  amphioxus.  The  conditions  of  the  grounds 
are  very  much  the  same  as  those  of  the  Amoy  grounds. 

The  depth  of  these  amphioxus  grounds  is  from  0.5  to  3.5 
meters,  with  an  average  of  1.9  meters.  Therefore,  these  grounds 
are  much  shallower  than  the  Amoy  amphioxus  grounds.     The 


Quamoy 


FiQ.   18.     Map    of   Quamoy   amphioxus   ground,   showing   the   station   numbers. 

number  of  individuals  found  at  each  station  varies  from  6  to 
100,  with  an  average  of  54  individuals,  which  is  less  than  that 
for  Amoy.  Since  the  amphioxus  are  so  much  less  numerous 
the  fishery  is  not  developed  and  no  people  are  interested  in  it. 
Table  26  shows  data  on  bottom  samples  of  the  Quamoy  am- 
phioxus grounds,  and  Table  27  shows  data  for  bottom  samples 
collected  from  the  vicinity  of  the  Quamoy  amphioxus  grounds. 

The  origin  of  these  amphioxus  grounds  is  easily  understood, 
since  they  are  just  outside  of  the  Amoy  amphioxus  grounds. 
The  larval  and  the  postlarval  stages  of  young  amphioxus  of 
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Table  26. — Data  on  the  bottom  samples  collected  from  the  Quamoy 
amphioxus  grounds. 


station. 

Depth. 

Number 
of  am- 
phioxus. 

Sizes  of  bottom  particles. 

Cannot 
be  sifted 

through 
sieve  12. 

Can  be  sifted  through  sieve — 

12 

18 

30 

60 

90 

100 

120 

1 

m. 
1.0 
1.0 
1.0 
1.5 
0.5 
2.0 
2.5 
3.0 
1.0 
2.0 
3.5 
1.5 
3.5 
2.0 
1.0 
3.0 

37 
79 
51 
74 
11 
70 
50 
6 
54 
40 
16 
13 
100 
100 
78 
86 

400 

325 

120 

225 

375 

60 

6 

75 

40 

35 

40 

225 

130 

28 

33 

39 

cc. 

250 

210 

200 

255 

240 

160 

140 

150 

160 

130 

160 

365 

300 

217 

240 

200 

cc. 

175 

175 

230 

450 

160 

330 

320 

340 

340 

350 

375 

385 

375 

300 

420 

340 

cc.  ' 
340 
425 
560 
260 
410 
575 
625 
550 
600 
600 
570 
50 
350 
435 
413 
533 

cc. 
50 
57 
32 
30 
28 
20 
25 
52 
20 
17 
28 
23 
32 
45 
30 
20 

cc. 
4 
2 
2 
2 
2 
2 
2 
10 
1 
2 
5 
8 
8 
5 
6 
7 

cc. 
2 
2 
1 
2 
1 
1 
1 
5 
1 
1 
2 
2 
4 
3 
2 
3 

cc. 
4 
5 
5 
4 
7 
4 
5 

12 
3 
4 
5 
8 
7 

10 
4 
4 

2. 

3 

4__ 

5 

6__ _ 

7 

8 

9 _ 

10 

11_ 

12 

13. 

14     

15 

16__ 

Total 

Average 

Per  cent 

30.0 
1.8 

865 
54 

2,156 

135 

11.16 

3,377 

211 

18.1 

4,870 

304 

26.2 

7,491 

468 

40.3 

509 

31 

2.6 

68 

4 

0.4 

43 
3 

0.3 

87 

5 

0.5 

Table  27. — Data  on  the  bottom,  samples  collected  from  the  vicinity  of 
Quamoy  amphioxus  ground. 

[No  amphioxus  were  dredged  from  this  ground.] 


Station. 

Depth. 

Sizes  of  bottom  particles. 

Cannot 
be  sifted 

through 
sieves  12. 

Can  be  sifted  through 

sieve — 

12 

18 

30 

60 

90 

100 

126 

17. 

m. 
2.0 
1.3 
4.0 
4.0 
5.0 
3.0 
4.3 
3.0 
3.5 
6.0 
10.0 

cc. 
400 
600 

75 

100 

138 

5 

85 
100 

75 
275 
260 

cc. 

80 
100 
430 
190 
350 

75 
310 
213 
190 
250 
210 

cc. 
105 
90 
120 
245 
205 
180 
619 
345 
290 
100 
285 

cc. 
280 
200 
175 
205 
140 
880 
145 
450 
70 
270 
300 

cc. 
24 
70 
70 
28 
43 
30 
80 
23 
91 
50 
70 

cc. 
7 
3 
10 
1 
6 
4 
3 
4 
2 
6 
7 

cc. 
6 
5 
10 
1 
9 
1 
3 
2 
2 
5 
6 

cc. 

340 

300 

450 

500 

370 

9 

7 

23 

600 

450 

360 

18 

19 

20. 

21 

22 

23__. 

24. 

25. 

26 

27 

Total 

Average 

Per  cent 

46.1 
4.2 

2,113 

192 

14.8 

2,398 

218 

16.7 

2,594 
236 

18.1 

3,115 

283 

21.7 

579 

53 

4.1 

53 
5 

0.4 

50 

5 

0.4 

3,409 

310 

23.8 
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Amoy  easily  drift  to  the  north  of  Quamoy.  When  the  young 
amphioxus  reach  the  Quamoy  sand,  they  burrow  in  and  re- 
produce there. 

From  this  discovery  we  can  expect  that  there  will  be  more 
and  more  amphioxus  grounds  along  the  coast  of  Fukien  and  its 
vicinity,  where  the  conditions  are  similar  to  those  of  the  Amoy 
and  Quamoy  amphioxus  grounds. 
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ILLUSTRATIONS 

Plate  1 

Fig.  1.  Fisherman  holding  his   dredge  in  position  before   dredging.     The 
town  of  Liuwutien  is  in  the  background. 
2.  Throwing  the  dredge  at  an  angle  of  45°  to  the  boat. 

Plate  2 

Fig.  1.  The  dredge  gliding  a  little  farther  on  the  surface  of  the  water. 
Crocodile  Island  is  in  the  background. 
2.  The  dredge  reaches  the  bottom. 

Plate  3 

Fig.  1.  Lifting  the  dredge.     The  assistant  fisherman  is  washing  the  am- 
phioxus  on  the  wooden  disc. 
2.  Pouring  the  sand  and  the  amphioxus  on  the  wooden  disc. 

Plate  4 

Fig.  1.  Fishing  boats  arriving  at  the  beach. 

2.  Amphioxus  and  sand  are  put  into  the  bamboo  basket  for  separating. 

Plate  5 

Fig.  1.  Separating  the  amphioxus  in  a  basket. 

2.  The  amphioxus  market  at  Liuwutien.     The  writer  is  buying  a  catty 
of  fresh  amphioxus. 

text  figures 
Fig.  1.  The  regenerated  tail. 

2.  The  branched  cirrus. 

3.  The  abnormal  gonads,     a,  lateral  view;  b,  ventral  view. 

4.  Map  of  Amoy  and  its  vicinity,  showing  the  currents  in  ebb  tide 

(-^),  flood  tide  (— >),  and  fresh  water  {—>)  from  inland;  the 
depth  of  the  sea  in  meters;  and  the  Amoy  and  Quamoy  amphioxus 
grounds. 

5.  Map  of  Amoy  amphioxus  grounds,  showing  the  station  numbers  and 

the  fishing  villages. 

6.  Map  of  Amoy  amphioxus  grounds,  showing  the  distribution  of  the 

number  of  amphioxus  in  a  1,000  cc  sand  sample  in  each  station. 

7.  Differences  between  bottom  samples  with  and  without  amphioxus, 

collected  from  amphioxus  grounds  and  their  vicinity.  0  represents 
the  largest  particles  of  sand  that  cannot  be  sifted  through  sieve 
12.  12,  18,  30,  60,  90,  100,  and  120  represent  particles  that  can  be 
sifted  through  the  corresponding  sieve.     120  is  the  finest  sieve. 

8.  Section  of  the  sea  from  Chipbee  through  Crocodile  Island  to  Liu- 

wutien, showing  the  nature  of  the  bottom  and  the  distribution  of 
amphioxus. 

423 


424  The  Philippine  Journal  of  Science 

Fig.  9.  Sections  of  the  sea  in  the  amphioxus  grounds  and  their  vicinity, 
showing  depth  and  bottom  conditions  from  which  the  directions 
of  water  currents  are  plotted. 

10.  Correlation  between  the  large  particles  and  carbon  dioxide  pro- 

duced. 

11.  Temperature  and  dissolved  oxygen  content  at  Liuwutien  in  1932. 

12.  Salinity  and  pH  value  at  Liuwutien  and  Kulangsu;  and  rainfall 

at  Amoy  in  1932. 

13.  The  vertical  distribution  of  young  amphioxus,  and  other  related 

phenomena. 

14.  Growth  of  amphioxus  in  1931  and  1932. 

15.  Rate  of  growth  of  amphioxus,  expressed  in  logarithmic  curve. 

16.  Growth  of  gonads  in  second-year  and  third-year  amphioxus. 

17.  Different  aged  amphioxus  in  each  month,  in  per  cent. 

18.  Map  of  Quamoy  amphioxus  grounds,  showing  the  station  numbers. 
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FILING  AND  BLACKENING  OF  TEETH  AMONG  SOME 
PHILIPPINE  ETHNIC  GROUPS 

By  RiCAHDO  E.  Galang 

Of  the  Natural  History  Museum  Division 

Department  of  Agriculture  and  Commerce,  Manila 

TWO  PLATES 

This  paper  describes  some  of  the  methods  of  filing  and  black- 
ening of  the  teeth,  a  practice  adhered  to  by  various  Philippine 
ethnic  groups.  This  odd  practice  may  be  due  to  a  tribal  concep- 
tion of  beauty  or  may  merely  be  the  continuation  of  an  ancient 
means  of  preserving  the  teeth.  Some  of  these  groups,  like  the 
Bagobos,  both  file  and  blacken  their  teeth ;  the  Negritos  merely 
file  them  to  points;  while  others,  like  the  Kalingas,  only  blacken 
them. 

The  first  part  of  the  present  paper  deals  with  filing  the  teeth, 
while  the  second  part  deals  with  the  method  of  blackening  them. 

FILING  THE  TEETH 

Filing  the  teeth  into  points  or  filing  their  front  surfaces  con- 
cave was  widely  practiced  formerly  by  nearly  all  of  the  known 
ethnic  groups  in  the  islands. 

Worcester,!  speaking  of  the  filing  of  the  teeth  by  the  Negritos 
of  Zambales,  says  that  it  is  a  widespread  custom  among  this 
ethnic  group  to  have  the  front  teeth  pointed.  The  operation  is 
performed  in  the  following  manner :  A  piece  of  wood  is  placed 
back  of  the  tooth  to  be  operated  on,  the  point  of  a  bolo  is  firmly 
pressed  against  the  front  surface  of  the  tooth,  and  the  bolo  is 
struck  with  a  sharp  blow  with  a  stick  or  stone,  so  that  the  corner 
of  the  tooth  is  chipped  oflF.  This  process  is  repeated  on  the  other 
side  of  the  tooth  to  produce  the  desired  point. 

According  to  Reed^  the  custom  of  filing  the  teeth  prevails 
throughout  the  entire  Negrito  region  of  Zambales.     Usually 

*  Worcester,  Dean  C.  The  Non-Christian  tribes  of  northern  Luzon. 
Philip.  Journ.  Sci.  1    (1906)  807. 

"Reed,  William  Allan.  Negritos  of  Zambales.  In  Ethnological  Survey 
Publications  pt.  1  2   (1904)  36. 
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only  the  upper  teeth  are  treated.  However,  there  were  eases 
where  the  teeth  were  sharpened  both  above  and  below.  Adorn- 
ment seems  to  be  the  sole  object  of  this  practice. 

The  sharpening  of  the  teeth  is  performed  by  placing  the 
blade  of  a  bolo  against  the  part  of  the  tooth  to  be  chipped  off 
and  giving  it  a  sharp  blow  with  a  piece  of  wood.  The  opera- 
tion is  locally  known  as  talihan.  It  is  a  rather  delicate  process, 
for  it  requires  care  to  prevent  breaking  through  into  the  soft 
part  of  the  tooth  and  exposing  the  nerve.  Although  the  teeth 
are  mutilated,  they  seem  to  be  well  preserved. 

Cole  ^  states  that  both  men  and  women  of  the  Bagobos  on  the 
west  coast  of  Davao  Gulf  file  their  teeth.  When  a  boy  or  girl 
has  attained  puberty,  it  is  time  to  beautify  the  teeth.  There  is 
however,  no  prohibition  from  having  it  done  earlier.  The  pa- 
tient places  his  head  against  the  operator  and  grips  a  stick  of 
wood  between  his  teeth  while  each  tooth  is  filed  to  a  point. 
(Plate  1,  fig.  1)  When  this  operation  has  been  completed  what 
is  left  is  blackened. 

According  to  Christie  ^  it  is  very  common  among  the  Suba- 
nuns  of  Sindaiigan  Bay  to  grind  down  some  of  their  teeth.  The 
teeth  selected  are  the  upper  front  teeth,  including  the  two  ca- 
nines. The  effect  aimed  at  is  the  sharpening  of  the  latter  and 
the  hallowing  out  on  the  anterior  surface  of  the  former  so  as  to 
produce  a  concave  appearance.  The  grinding  is  done  with  a 
stone.  There  is  no  fixed  period  for  the  process  of  grinding, 
but  it  is  usually  done  when  the  patient  is  well  grown.  The 
grinding  is  done  gradually.  The  teeth  operated  on  are  com- 
monly blackened  after  grinding. 

According  to  Garvan,^  among  the  Manobos  both  boys  and 
girls  have  their  teeth  ground  at  puberty.  The  process  of  grind- 
ing the  teeth  is  very  simple  but  extremely  painful.  A  piece  of 
wood  is  inserted  between  the  teeth  to  keep  them  apart.  The 
operator  then  inserts  a  small  piece  of  sandstone  into  the  mouth, 
and  with  a  moderate  motion  grinds  the  upper  and  lower  incisors 
to  the  gum.  After  filing,  the  teeth  of  the  upper  jaw  appear 
convex  and  those  of  the  lower,  concave.  It  takes  3  to  10  days 
to  grind  the  teeth. 

^  Cole,  Fay-Cooper.  The  Wild  Tribes  of  Davao  District,  Mindanao.  In 
Field  Museum  of  Natural  History   (2)    12   (1913)   60. 

*  Christie,  Emerson  Brewer.  The  Subanuns  of  Sindangan  Bay.  In  Di- 
vision of  Ethnology  Publications  pt.  1  6    (1909)   52,  53. 

'Garvan,  John  M.     Mem.  Nat.  Sci.  23  (1931)  55. 
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Colin  ^  says  that  "the  ethnographic  groups  who  are  now  civil- 
ized formerly  had  the  custom  from  infancy  to  file  their  teeth  so 
that  they  may  be  even  and  pretty/' 

Bobadilla  ^  states  that  "among  the  Bisayans,  the  teeth  were 
filed  from  their  earliest  childhood.  Some  were  made  even,  and 
others  were  filed  to  points  which  give  them  the  appearance  of 
a  saw/' 

Chirino  ^  also  says  that  "among  the  Bisayans,  the  teeth  were 
filed  and  sharpened  from  early  childhood  either  leaving  them 
uniform  or  fashioning  them  all  to  a  point,  like  a  saw.  This 
matter  was  not  practiced  by  the  higher  class  of  people." 

Morga  ^  states  that  among  the  Sambals  the  teeth  were  filed 
and  made  even  with  stone  and  iron  from  a  very  early  age. 

BLACKENING  THE  TEETH 

The  practice  of  blackening  the  teeth  likev/ise  was  formerly 
widespread,  although  the  Negritos  and  a  few  other  pagan  groups 
of  northern  Luzon  do  not  follow  it.  The  majority  of  the  pa- 
gan and  Mohammedan  groups  of  Mindanao,  however,  generally 
blacken  their  teeth,  to  beautify  and  preserve  them. 

Although  among  a  good  number  of  Kalingas  this  custom  is 
obsolete,  there  are  still  a  few,  particularly  those  living  in  the 
outlying  districts,  who  adhere  to  it.  Among  males  teeth- 
blackening  is  usually  done  at  the  age  from  14  to  21 ;  among  the 
females,  usually  at  puberty.  Like  the  other  groups,  the  Ka- 
lingas blacken  the  teeth  to  beautify  and  preserve  them. 

The  material  used  is  the  black  resinous  substance  from  dried 
guava  bark,  burnt  and  rubbed  against  the  landuc  or  babalasi- 
gan,  an  iron  implement  where  the  substance  is  accumulated. 
Before  the  subject  retires,  the  black  resinous  substance  is  heated 
and  rubbed  with  the  fingers  on  the  teeth  until  they  are  en- 

« Colin,  Francisco.  Native  Races  and  their  Customs.  In  Blair,  Emma 
Helen,  and  James  Alexander  Robertson.  The  PhiHppine  Islands  1493-1898. 
40   (1906)   60,  61. 

•^  BobadiHa,  Diego  de.  Relation  of  the  FUipinas  Islands.  In  Blair,  Em- 
ma Helen,  and  James  Alexander  Robertson.  The  Philippine  Islands  1493- 
1898  40  (1904)  287. 

*  Chirino,  Pedro.  Relation  of  the  Filipinas  Islands.  In  Blair,  Emma  He- 
len, and  James  Alexander  Robertson.  The  PhiHppine  Islands  1493-1898 
40  (1904)  187. 

'Morga,  Antonio  de.    Sucesos  de  las  Islas  Filipinas.    In  Blair,  Emma 
Helen,  and  James  Alexander  Robertson.     The  Philippine  Islands  1493-1898 
16    (1904)   78. 
56874 6 


428  The  Philippine  Journal  of  Science  1941 

tirely  black.  Because  of  the  unpleasant  taste  of  this  blacken- 
ing agent,  it  is  not  widely  used  and  has  fallen  into  disfavor. 
This  practice  is  usually  observed  at  least  once  a  week,  or  as 
often  as  the  black  color  of  the  teeth  fades.  This  method  of 
blackening  is  known  as  tubug  among  the  Maiigali-Lubo  group, 
and  as  beasig  among  the  Lubuagan  groups. 

Cole,^^  who  made  a  study  of  the  Tinggians  of  Abra,  states 
that  both  men  and  women  blacken  the  teeth  with  iron  salts  and 
tan  bark. 

De  los  Reyes,  speaking  of  the  Tinggians  of  Abra,  says  that 
"Los  Tinguianes  se  tiiien  de  negro  los  dientes."^^ 

According  to  Cole  ^^  the  color  for  blackening  the  teeth  of  the 
Bagobos  is  obtained  in  two  ways.  The  common  method  is  to 
place  a  piece  of  metal  on  one  end  of  a  bamboo  tube,  made  of  a 
variety  of  bamboo  known  as  balakdyo,  with  one  end  resting  on 
glowing  coals.  The  smoke  from  the  charring  bamboo  is  con- 
ducted through  the  tube  to  the  metal  on  which  it  leaves  a  deposit 
or  'sweat.'  This  is  rubbed  on  the  teeth,  at  intervals,  until  they 
become  shiny  black. 

In  a  second  method  a  kind  of  powder,  known  as  tapel,  is  used. 
Tapel  is  secured  from  the  lamod  tree.  The  powder  is  wrapped 
in  leaves  and  chewed.  During  this  period  of  treatment  the 
patient  is  under  certain  restrictions.  He  is  not  allowed  to  drink 
water,  cook,  or  eat  anything  sour.  He  should  not  attend  fu- 
nerals. Should  he  do  so,  his  teeth  will  have  a  poor  color  or 
he  himself  will  be  sick.  When  the  teeth  have  been  properly 
blackened  the  young  man  or  woman  is  considered  ready  to  enter 
society. 

According  to  Garvan,^^  among  the  Manobos  blackening  of 
the  teeth  is  effected  principally  by  the  use  of  a  plant  called 
mdu-mdu  which,  besides  being  used  as  a  narcotic,  has  the  prop- 
erty of  giving  the  teeth  a  rather  dark  color.  After  being  chewed 
it  is  rubbed  across  the  teeth  to  make  the  coloring  uniform.    The 

^^Cole,  Fay-Cooper.  The  Tinggian.  Philip.  Journ.  Sci.  §  A  3  (1908) 
201. 

"De  los  Reyes  y  Florentino,  Isabelo.    Articulos  Varios   (1887)   10. 

"  Cole,  Fay-Cooper.  The  Wild  Tribes  of  Davao  District,  Mindanao.  In 
Field  Museum  of  Natural  History  Publications  12  (1913)  60,  61. 

"Garvan,  John  M.    Mem.  Nat.  Acad.  Sci.  23  (1931)  55. 
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constant  use  of  betel  leaf  with  lime  is  another  means  of  staining 
the  teeth. 

Christie^*  says  that  after  the  teeth  of  the  Subanuns  are 
ground  even,  it  is  a  common  practice  to  blacken  them.  One 
substance  used  for  this  purpose  is  lime  juice  or  some  other 
acidic  liquid  in  which  iron  has  been  allowed  to  dissolve.  The 
resultant  solution  is  rubbed  on  the  surface  of  the  teeth.  There 
is  no  fixed  period  for  the  process  of  staining,  but  it  may  be 
said  to  be  usually  done  when  the  patient  is  well  grown. 

Blackening  of  the  teeth  is  practiced  very  extensively  among 
the  Sulu  Moros.  The  teeth  are  dyed  black  with  antimony,  a 
mineral  stibnite. 

Bobadilla^^  states  that  the  ancient  Bisayans  covered  their 
teeth  with  either  a  black,  or  a  flame-colored,  glossy  polish.  Thus 
their  teeth  become  black  or  vermillion  red,  as  the  case  may  be. 
Small  openings  are  made  in  the  upper  row,  which  are  filled 
with  gold  which  shows  to  advantage  on  the  black  or  red  back- 
ground of  the  polishing  material. 

According  to  Chirino  ^^  the  ancient  Bisayans  covered  their 
teeth  with  varnish,  either  lustrous  black  or  bright  red,  with 
the  result  that  the  teeth  remain  as  black  as  jet,  or  ruby  or  ver- 
million red.  From  the  edge  to  the  middle  of  the  tooth  they 
neatly  bore  a  hole,  which  they  afterward  fill  with  gold,  so  that 
this  point  of  gold  remains  as  a  shining  spot  in  the  middle  of 
the  black  tooth.  Teeth  treated  in  this  manner  are  regarded  by 
them  as  a  mark  of  beauty. 

SUMMARY 

The  practice  of  filing  the  teeth  was  formerly  almost  universal 
among  ethnic  groups  in  the  Philippines.  The  practice  has  now 
lost  favor,  but  a  few  tribes  still  adhere  to  it,  among  them  the 
Negritos,  Bagobos,  Manobos,  and  Subanuns. 

'*  Christie,  Emerson  B.  The  Subanuns  of  Sidangan  Bay.  In  Division  of 
Ethnology  Publications  pt.  1  6  (1909)  52,  53. 

"  Bobadilla,  Diego  de.  Relation  of  the  Filipinas  Islands.  In  Blair,  Em- 
ma Helen,  and  James  Alexander  Robertson.  The  PhUippine  Islands  1493-- 
1898.     29    (1904)   287,  288. 

^"Chirino,  Pedro.  Relation  of  the  Filipinas  Islands.  In  Blair,  Emma 
Helen,  James  Alexander  and  Robertson.  The  Philippine  Islands  1493-1898. 
22   (1904)   187. 
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Likewise  the  practice  of  blackening  the  teeth  was  formerly 
widespread.  Some  pagan  groups  of  northern  Luzon — the  Ka- 
lingas  and  Tiiiggians  and  the  majority  of  the  pagans  and 
Mohammedans  of  Mindanao — Bagobos,  Manobos,  Subanuns,  and 
Sulu  Moros — cling  to  the  custom  with  stubborn  tenacity. 

The  idea  of  filing  and  blackening  of  the  teeth  may  be  due  to 
an  endemic  conception  of  beauty  or  may  be  merely  a  perpetua- 
tion of  an  ancient  type  of  dental  prophylaxis. 


ILLUSTRATIONS 

Plate  1 

Fig.  1.  A  Bagobo  young  man  having  his  teeth  filed  or  cut  to  points. 
2.  A  Bagobo  man  showing  his  pointed  upper  teeth. 

Plate  2 

Fig.  1.  A   Negrito  man  from  the  mountains   of   Pampanga,   showing   his 
pointed  teeth. 

2.  A  Moro  datu  of  Jolo,  showing  his  blackened  teeth. 

3.  Iron  instruments  (babalasigan)  used  by  the  Kalingas  in  blackening 

the  teeth. 
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BOOKS 

Books  reviewed  here  have  been  selected  from  books  received 
by  the  Philippine  Journal  of  Science  from  time  to  time  and  ac- 
knowledged in  this  section. 

REVIEWS 

Race,  Language  and  Culture.     By  Franz  Boas.     New  York,  The  Macmillan 
Co.,  1940.     647  pp.,  illus.     Price,  $5. 

Race,  Language  and  Culture  is  a  recent  anthropological  work, 
composed  of  the  author's  collected  writings,  dealing  principally 
with  the  physical  and  social  aspects  of  anthropology.  It  is 
divided  into  the  three  main  topics  indicated  by  the  title.  Also 
appended  are  miscellaneous  topics  on  the  methods  of  teaching 
anthropology,  the  aims  of  ethnology,  and  the  study  of  geography. 

In  his  chapters  on  race  the  author  refers  to  biological  and 
sociological  problems  due  to  the  intermingling  of  racial  types. 
He  dwells  on  the  modern  population  of  America  and  its  hetero- 
geneity, on  heredity,  on  the  influence  of  environment,  on  selec- 
tion, on  racial  and  individual  differences,  and  on  eugenics.  He 
formulates  problems  and  proposes  investigations.  He  also  dis- 
cusses the  anthropological  study  of  children  and  the  study  of 
anthropometry.  His  main  object  is  to  determine  how  the  phys- 
ical development  of  a  given  individual  compares  with  the  aver- 
age physical  development  of  the  group  to  which  he  belongs. 
There  is  also  included  a  critical  review  of  the  works  of  authors 
dealing  with  the  methods  of  physical  anthropometry. 

The  author  devotes  a  goodly  number  of  pages  to  the  study 
of  American  aboriginal  languages  and  their  classification.  He 
particularly  mentions  some  characteristics  of  the  Dakota  lan- 
guages and  the  metaphor  of  the  Kwakiutl  tribe.  He  gives  a 
brief  exposition  of  facts  relative  to  the  aims  of  anthropological 
research  and  the  methods  of  cultural  anthropology.  He  like- 
wise discusses  the  origin  of  totemism,  the  history  of  the  Amer- 
ican race,  ethnological  problems  in  Canada,  the  social  organ- 
ization of  the  Kwakiutl  society  and  North  Pacific  Coast  tribes, 
the  development  of  folktales  and  myths,  the  growth  of  Indian  my- 
thologies, and  the  idea  of  future  life  among  primitive  tribes. 
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He  advocates  the  inclusion  of  anthropology  in  the  University 
curriculum  and  sets  forth  the  aims  of  ethnology.  He  discusses 
the  total  range  of  the  phenomena  of  social  life.  The  last  topic 
treats  of  the  value  of  geography  in  research. 

In  this  book  the  author  gives,  in  clear,  concise  form,  a  freer 
and  more  independent  view  of  the  study  of  man.  He  cites, 
too,  the  relation  which  such  study  bears  to  everyday  problems. 

Every  student  of  anthropology  should  read  this  book. 

— R.  E.  G. 

Chemistry  in  Warfare;  Its  Strate^c  Importance.  With  a  Foreword  by 
Crosby  Field  and  a  Technical  Appendix.  By  Frederick  A.  Hessel,  M. 
S.  Hessel  and  W.  J.  Martin.  New  York,  Hastings  House,  1940.  164 
pp.,  illus.     Price,  |2. 

This  book  is  so  far  the  latest  work  on  the  role  of  chemistry 
in  warfare,  including  the  present  world  conflict.  It  contains 
valuable  information  for  the  enlisted  man,  the  chemist,  and  the 
layman.  It  gives  a  vivid  picture  of  how  wars  are  fought  at  the 
front,  in  the  factories,  and  in  the  research  laboratories.  It  ex- 
plains why  no  nation  today  can  afford  to  be  without  an  active 
chemical  industry  and  chemists  equipped  to  meet  any  emergency. 

It  illustrates  the  role  of  the  chemist  in  keeping  an  army  in 
fighting  condition  by  the  proper  supply  of  food,  clothing,  and 
shelter.  It  explains  how  weapons,  both  defensive  and  offensive, 
are  adequately  supplied  with  projectiles,  propellants,  and  high 
explosives.  It  tells  how  troops,  as  well  as  civilians,  are  fitted 
out  with  gas  masks  and  other  protective  equipment. 

It  gives  a  brief  but  nevertheless  thorough  outline  of  the 
development  of  modern  armaments.  The  information  obtained 
from  this  books  enables  the  layman  to  understand  the  technical 
names  of  poison  gases,  explosives,  and  other  military  equipment 
about  which  he  reads  daily  in  the  newpapers. 

The  book  is  divided  into  five  chapters.  It  contains  an  ap- 
pendix on  the  technical  processes  used  in  the  manufacture  of 
the  principal  war  materials.  It  also  contains  a  selected  biblio- 
graphy on  the  subject. — F.  A. 

Chemicals  of  Commerce.  By  Foster  Dee  Snell  and  Cornelia  T.  Snell.  New 
York,  D.  Van  Nostrand  Co.,  Inc.,  1939.     542  pp.     Price,  $5. 

Many  books  have  been  written  that  deal  with  chemistry  and 
chemicals  for  the  layman.  Chemicals  of  Commerce  is  one  of 
the  books  that  deserves  special  attention.  Thirty-seven  chap- 
ters cover  all  the  chemicals  most  frequently  used  in  commerce. 
The  grouping  of  allied  chemicals  by  chapters  gives  the  reader  a 
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bird's-eye  view  of  the  different  products  included  without  resort- 
ing to  other  references.  In  the  appendices  are  included:  The 
United  States  Caustic  Poison  Act;  Summary  of  the  Food,  Drug 
and  Cosmetic  Act;  and  definitions  of  medical  terms  used  in  the 
book. 

The  authors  should  be  commended  for  putting  into  book  form 
and  in  simple  language  a  great  deal  of  information  about  for- 
mulas, uses,  and  properties  of  chemicals  that  is  usually  available 
only  to  a  selected  group  of  chemists. 

Written  in  a  popular  style,  the  book  is  very  useful  and  should 
be  on  the  bookshelf  of  those  engaged  in  chemistry  and  others 
who  seek  information  about  the  thousand  and  one  chemicals  of 
commerce. — G.  0.  0. 

May's  Chemistry  of  Synthetic  Drugs.  By  Percy  May  and  G.  Malcolm 
Dyson.  Fourth  Edition,  Revised  and  Rewritten.  London — New  York 
— Toronto,  Longmans,  Green  and  Co.,  1939.     370  pp.,  illus.     Price,  $6. 

As  stated  in  the  preface,  this  book  contains  an  account  of  the 
main  facts  concerning  the  nature  of  synthetic  drugs  and  the 
guiding  principles  which  are  used  in  their  production. 

It  also  calls  attention  to  reactions  taking  place  between  the 
drug  and  the  living  organism  whenever  these  can  be  traced. 
Consideration  is  also  given  to  the  relation  betw^een  the  chemical 
character  of  a  substance  and  its  pharmacological  action,  even 
though  this  relation  is  neither  so  complete  nor  so  simple  as 
might  be  desired. 

Included  in  this  new  edition  are  the  recent  advances  in  the 
chemistry  of  hormones,  vitamins,  sulfonamide  derivatives,  syn- 
thetical ureas,  and  organometallic  compounds. 

This  book  is  standard  in  the  line  of  synthetic  drugs,  and  the 
fourth  edition  is  characterized  by  the  same  excellence  as  the 
former  editions. — A.  0.  C. 

Chemotherapy  and  Serum  Therapy  of  Pneumonia.     By  Frederick  T.  Lord, 
EHiott  S.  Robinson,  and  Roderick  Heffron.     New  York,  The  Common- 
wealth Fund,  1940.     174  pp.,  illus.     Price,  $1. 
This  little  book  is  in  the  main  a  description  of  the  work  done 
by  the  Massachusetts  Department  of  Public  Health.     The  pre- 
sentation of  the  facts,  the  arrangement  of  the  topics,  and  the 
principal  purpose  seem  to  be  to  furnish  the  general  practitioner 
with  a  manual  to  guide  him  in  the  treatment  of  pneumococcus 
pneumonia. 

A  few  paragraphs  are  devoted  to  the  discussion  of  pneumonia 
as  a  community  problem,  to  definitions,  and  to  diagnosis.     The 
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greater  part  of  the  book  is  given  to  data  about  the  use  of  sul- 
fapyridine  and  of  immune  serum.  Detailed  information  about 
the  indications  of  these  two  therapeutic  aids,  the  contraindica- 
tions, the  manner  of  administration,  the  posology,  and  the  un- 
toward reactions  and  their  treatment  are  given.  In  appendix  C 
an  instruction  sheet  intended  for  physicians  regarding  the  use 
of  sulfapyridine  and  antiserum  is  attached.  The  sheet  gives  a 
summary  of  when  to  use  the  drug  alone,  when  to  use  the  serum 
alone,  and  when  to  use  both.  The  manner  of  adjusting  dosage, 
the  warnings  about  toxic  manifestations,  and  when  to  discon- 
tinue serum  therapy  are  indicated. 

Various  other  procedures  necessary  in  the  treatment  of  pneu- 
monia, and  which  the  general  practitioner  can  make  use  of,  are 
also  discussed  in  detail.  The  Neufeld  method  of  typing,  the 
Francis  skin  test,  the  different  tests  for  sensitivity,  and  the  step 
by  step  directions  for  administering  serum  are  also  described. 

A  comparison  of  the  results  obtained  v/ith  the  two  ways  of 
treating  pneumonia  is  made.  But  the  different  tables  and 
figures  are  now  somewhat  out  of  date  because  so  rapid  and 
widespread  has  been  the  use  of  the  different  sulfanilamide  com- 
pounds that  the  results  of  different  workers  published  in  journals 
quickly  supersede  those  found  in  books,  even  if  these  be  only 
a  few  months  old.  The  book  is  not  intended  for  the  research 
worker  or  investigator,  because  the  author  has  not  brought  out 
anything  new  or  provocative.  It  is  primarily  for  the  use  of 
the  practitioner  who  would  like  a  manual  of  instructions  that  is 
practical,  brief,  and  comprehensive. — A.  B.  R. 

Photo-Lab-Index.  The  Cumulative  Formulary  of  Standard  Recommended 
Photographic  Procedures.  By  Henry  M.  Lester.  New  York  City, 
Morgan  &  Lester,  1939.     288  pp.     Price,  $3.50. 

Photo-Lab-Index  is  a  compilation  of  the  old  and  the  new  find- 
ings in  the  science  of  photography.  It  is  a  sort  of  a  photo 
vocabulary  for  the  amateur  and  professional  photographers. 
Being  very  handy  as  a  reference,  this  book  will  help  a  great  deal 
in  understanding  the  new  and  modern  methods  employed  in 
photography.  Different  photo  manufacturers  are  publishing 
quarterly  improvements  of  their  film  papers  and  formulas  for 
developers.  Workers  in  photography  should  be  well  informed  in 
the  new  procedures  so  as  to  keep  them  abreast  of  the  modern 
trend  in  photography. 

This  book  is  highly  recommended  to  anyone  interested  in 
photography. — C.  S.  A. 
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Conserving  Our  Resources.     By  Edward  E.  Keso.     Oklahoma  City,  Times- 
Journal  Publishing  Co.,  1940.     206  pp.,  illus.     Price,  $0.98. 

This  book  is  a  handy,  comprehensive  volume,  written  in  pop- 
ular style,  on  the  conservation  of  natural  resources.  It  seems 
primarily  intended  for  use  in  schools  below  the  collegiate  rank 
and,  although  the  discussions  generally  refer  to  American  re- 
sources and  conditions,  it  will  be  a  very  valuable  reference  book 
in  all  of  our  school  libraries.  It  will  relieve  us  who  are  actually 
and  actively  engaged  in  the  work  of  administering,  developing 
and  conserving  our  own  natural  heritage,  of  much  of  the  edu- 
cational phase  of  conservation.  Thus  we  shall  be  able  to  con- 
centrate our  attention  on  the  tasks  of  solving  the  numerous 
problems  that  arise  from  the  growing  demands  of  our  popula- 
tion upon  these  resources,  and  of  prolonging,  for  an  indefinite 
length  of  time,  their  availability  for  prudential  use. — S.  S.  P. 

Aids  to  Goatkeeping.     By  Corl  A.  Leach.     Third  edition.     Fairbury,  Ne- 
braska, Dairy  Goat  Journal,  1940.     104  pp.,  illus.     Price,  f  1. 

To  the  beginner  in  the  raising  of  dairy  goats  this  book  will 
prove  an  interesting  and  valuable  reference.  Written  in  simple, 
concise  language,  it  contains  suggestions  in  choosing  a  breed ;  in 
housing,  caring,  feeding,  and  managing  does,  bucks,  and  kids. 
It  contains  some  illustrated  descriptions  on  the  proper  way  to 
construct  dairy  goat  barns  and  milk  houses,  as  well  as  other 
facilities  needed  in  a  dairy  goat  project. 

As  in  the  cattle  dairy,  the  procuring  of  clean,  safe,  sanitary 
milk  and  the  keeping  of  production  records  are  emphasized  in 
this  book.  The  causes  of  ill-flavored  milk  and  the  means  to  pre- 
clude or  avoid  them  are  given. 

Udder  troubles,  ailments,  and  parasites  commonly  observed 
in  goats  are  treated  lengthily  in  this  book.  The  author  enu- 
merates in  plain  terms  the  most  common  symptoms  of  these 
maladies,  and  simple  remedies  for  eradicating  them.  He  em- 
phasizes the  need  of  consulting  a  qualified  veterinarian,  when- 
ever available,  in  handling  these  diseases. 

Finally,  the  author  states  that  "there  is  no  greater  aid  to 
goat  keeping  than  the  common  sense  of  the  goat  keeper."  In 
order  to  succeed,  he  suggests  that  a  goat  keeper  should  keep  a 
vigilant  eye  on  the  needs  of  the  animals;  exercise  his  careful 
judgment  and  consideration  in  the  application  of  suggestions 
and  instructions;  come  in  contact  with  and  consult  other  goat 
owners;  and  avail  himself  always  of  the  benefits  derived  from 
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the  study  of  periodicals  and  writings  of  others  pertaining  to  the 
dairy  goat. — G.  S.  A. 

Principles  of  Dairy  Goat  Selection.  By  Corl  A.  Leach.  Fairbury,  Ne- 
braska, Dairy  Goat  Journal,  1940.     56  pp.,  illus.     Price,  $1. 

The  books  is  an  exposition  of  the  principles  underlying  the 
selection  of  dairy  goats,  on  the  basis  of  type,  production,  and 
pedigree.  The  author  claims  that  very  few  goats  possess  pedi- 
grees or  papers  of  registry,  and  for  this  reason  lays  emphasis 
on  selection  based  on  type.  A  discussion  on  the  relationship  of 
form  to  production  is  given  in  detail.  Score  cards  for  judging 
the  utility  goat  and  the  most  important  breeds  of  dairy  goats 
are  also  included.  Illustrations  form  part  of  the  text.  As  the 
author  puts  it,  **the  principles  outlined  herein  are  but  principles 
.  .  .  Should  any  breeder  consider  the  suggestion  given  here 
as  final  and  conclusive,  the  book  will  not  only  lose  its  value 
but  can  defeat  its  own  purpose.  But  if  regarded  as  a  guide 
book,  explaining  the  signs  where-by  the  breeder  can  proceed  as 
his  own  judgment  dictates,  then  these  principles  will  become 
a  practical  guide  to  increasing  the  excellence  of  the  breed." 

— G.  S.  A. 

1940  Yearbook  of  the  American  Goat  Society,  Incorporated.  University 
Place  Station,  Lincoln,  Nebraska,  The  Society,  1940.  237  pp.,  illus. 
Price,  $1. 

The  yearbook  contains  a  history  of  the  American  Goat  Society, 
Incorporated.  It  contains  splendid  articles  on  dairy  goats  such 
as,  Why  a  Purebred  Sire?  by  Ira  J.  Mills,  Twenty-Five  Years 
With  Purebred  Goats  by  W.  D.  Stambaugh,  Artificial  Insem- 
ination in  Goats  by  L.  M.  Winters,  and  others  by  well-known 
authors.  It  also  includes  the  Constitution,  The  Bylaws,  Rules, 
and  Regulations  of  the  American  Goat  Society.  Registration 
of  some  of  the  most  popular  breeds  of  dairy  goats,  such  as  the 
French  Alpine,  Nubian,  Saanen,  and  Toggenburg  forms  part  of 
the  yearbook.  It  is  profusely  illustrated,  and  ably  edited  by  Will 
H.  Chappel,  President  of  the  American  Goat  Society,  Incorpor- 
ated.—G.  S.  A. 
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ERRATA 

VOLUME  74,  NO.  3 

Page  247,  last  paragraph,  line  6 :  For  on  read  one. 

Page  258,  caption  of  Table  5  should  read :  Ejfect  of  the  time 
of  contact  of  grated  coconut  meat  with  water  on  efficiency  of 
oil  extraction — continued. 

Page  275,  line  15  should  read :  One  gas  producer  engine,  250 
H.  p.,  with  motor. 

VOLUME  75,  NO.  2 

Illustrations  of  the  article  "Notes  on  the  orchid  bug,  Mertila 
malayensis  Distant,  on  white  mariposa  (Phalaenopsis  amabilis 
Blume),''  by  Santiago  R.  Capco:  For  Plate  1  read  Plate  2,  and 
for  Plate  2  read  Plate  1. 

According  to  a  letter  received  September  12,  1941,  from  Prof. 
H.  H.  Knight,  of  Iowa  State  College,  the  orchid  bug  described 
in  Capco's  article  is  Mertila  brevicornis  Poppius  (Tijdschr.  v. 
Ent.  Suppl.  56  [1914]  154)  and  not  Mertila  malayensis  Dis- 
tant. 
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A,  208,  204. 
Abaca,  76. 

ACENA,  SERGIO  P.       Preliminary  notes  on 
a  trematode   with   two   yolk   reservoirs 
and  a  new  species   of  Lecithochirium, 
285. 
Acidity   of   Manila   copal,   233. 
Acropterygium,    351. 
Actinocyclus  Ehrenbergi,  393. 
Actinoptychus   annulata,   393. 

undiilatus,   393. 
Ag,  208,  213. 
Agamidse,  31. 
Agaricaceae,  165,  179. 
Agaricus  cryngii  DC,  180. 
Agathis  alba   (Lam.)   Foxw.,  83,  92. 
Agave  antula,  76. 
AGUILA,    PANTALEON    J.,    see    Tubancui 

and   Aguila. 
Allactina  Heb.,   327. 

ikonnikovi   Bey-Bienko,   327,   328. 
jakobsoni   Heb.,   327. 
Almadia,   292. 
Almadie,   292. 
ALVIR,  A.  D.     The  origin  of  placer  gold  in 

Santa    Maria   River,    Bvilacan,   279. 
Amangan    no  .  .  .  koma,    202. 
Amblycephalidje,    51. 
Amblycephalus    kuangtungensis    Vogt,    2,    4, 

51. 
Amoy  Amphioxus,  biology  of,   369. 
Amphibia,   5. 

Amphibians   from   southeastern   China,   1. 
Amphioxus,   Amoy,   370 ;   biology  of,  369. 

lanceolatus,    370. 
Amphora  commutata,  393. 
An,  221. 
Anomala,  7,  17. 
Antonano,  198. 
Areca,  363. 

catechu  Linn.,  363. 
catechu  var.   longicarpa,   363. 
catechu  var.  silvatica,  363. 
Astathes,   18. 
Aster  sp.,  178. 
Asterionella  formosa,  393. 
Ateuchosaurus   chinensis   Gray,   338. 
Athyrium  esculentum  Copel.,  165. 
Attonano,  198. 
Att6no,  198. 

B 
Babalasigan,  427. 
56874 7 


BAENS,     LUZ.       Tannin    from    kernels    of 

green  betel  nuts,   363. 
Bak-lo-kui,  54. 
Bak-po-chen,   49. 
Balandra,  292. 
Balanghai,  293. 
Balanguai,   293. 
Balatkayo,  428. 
Baloto,   293. 
Balsa,  292. 
Bambusa  blumeana,   76. 

lumampao,   76. 
Banca,  292. 
Bancon,  292. 
Barangay,    293,    304. 
Barangaye,  293. 
Barca,  293. 

chata,  293. 
Barcoluengo,   293. 
Barge,   297. 
Bark,   293. 
Baroto,   293. 
Bartonella,  259. 
muris,  258. 
Batel,  294. 
Bausan,   298. 
Beasig,   428. 

BEQUAERT,  J.     The  hornets  of  the  Philip- 
pines:   Hymenoptera,   Diploptera,  Ves- 
pinae,   61. 
Betel   nuts,   green,   tannin   from   kernels   of, 

363. 
Biddulphia  pulchella,  393. 

sinensis,   393. 
Bigniday,  294. 
Biffuiday,   294. 
Bileg.  294. 
Bills,  294. 
Bilus,  294. 
Biniray,  294. 
Binitan,  294,  304. 

Biology  of  the  Amoy  amphioxus,  369. 
Birey,  304. 
Biroco,  304. 
Blackening  of  teeth  among  Philippine  ethnic 

groups,  425. 
Blattella  Caudell,   17,  333. 
lituricoUis  Walk.,  333. 
Blattodea    from    Los    Baiios,    Luzon,    Philip- 
pines, 323. 
Blue   copepod   of   Puerto   Galera   Bay,   Min- 

doro,   807. 
Blycinde  sp.,  394. 
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Boat,  297;  passage,  296. 

Boisra  multomaculata   (Boie),  3,  11,  49. 

Boisrin^,   49. 

Bo-ki-kap,  50. 

Boloto.  293. 

Bongra,   363, 

Books,  97,  227,  339,   433. 

BrachylxemidaB  Joyeux  and  Foley,  135. 

Brachylaemus    Dujardin,    135. 

annamensis    (Railliet),   136. 

commutatus   (Diesing),   136. 

gallinus   (Witenberg),  136. 

hawaiiensis   (Guberlet),  136. 

horizawai  (Ozaki),  136. 

malayensis    Tubangui    and    Masilungan, 
135,  136. 
Branchiostoma  belcheri  Gray,  369,  371,  372  ; 
biology  of,   369. 

belcheri   var.   tsingtauensis,    369. 

lanceolatus,   371. 

lubricum,   370. 
Brevicipitidse,   25. 
Brigantine,  294. 
Buesia,   359. 

Bufo  melanostictus  Schn.,  2-4,  6,  51. 
Bnfonidae,  6. 

Bug,  orchid,  on  white  mariposa,  185. 
Bu-kian  Sa,  47. 
Bulbophyllum,   186. 
Bunga,  363. 
Bungarus  multicinctus  Blyth,  2-4,  50. 

multicinctus  multicinctus  Blyth,  50. 

C 

Cabeza,   293. 

Calamaria  septentrionalis  Boul.,  2,  4,  47. 

Callus   development   in   graft   union,    245. 

Calotes  lepidogaster  Cuv.,  81. 

Camptandrium  elongatum  Bathbun,   394. 

Campylodiscus    (?)   cocconeiformis,  393. 

Canoa,  294. 

Canoe,  294. 

Caiionero,  294. 

Cantharellus  Jussieu,  179. 

cinereus  Fr.,  179. 
Canton  fiber,  soda  process  for  pulping,  75. 
CAPCO.    SANTIAGO    R.     Notes   on   the   or- 

chid  bug,   Mertila  malayensis   Distant, 

on  white  mariposa  (Phalaenopsis  ama- 

bilis  Blume),  185. 
Carabela*  295. 
Caracoa,  295. 
Carangail,  295. 
Caravel,  295. 
Carcoa,  295. 
Carrying-pole  fish,  871. 
Carthamum  tinctorium  Linn.,  168. 
Gasco,  296. 
Caudata,  5. 
Ces»halo»ane8    sumatrftiium    (v.    A.    v.    E.) 

Copel.,  380. 


Cercospora  Fres,,   165. 

asterata   Atkinson,    178. 

athyrii  Mendoza,  165,  166. 

atro-cincta  Ell.  and  Wolf,  168. 

atro-cincta  Heald  and  Wolf,   177. 

balsaminae  Mendoza,  166,  167,  168. 

beticola  Sacc,   166,  171,  174,  176,   177, 

brassicicola  P.  Henn.,  174. 

capsici  Heald  and  Wolf,  172. 

carthami  Mendoza,  168,  169. 

chrysanthemi  Heald  and  Wolf,   178. 

cucurbitae  Ell.  and  Ev.,  169,  178. 

daleae  Ell.  and  Kellerman,   178. 

eucalypti  Cke.  and  Mass.,   178. 

hellianthi  Ell.  and  Ev.,   178. 

henningsii  AUesch.,  173. 

hydrangeana  Tharp,,   178. 

jacobinae  Mendoza,  169,  170,  171,  176. 

malvastri  Mendoza,  171. 

merremlae  Mendoza,  172,  173. 

momordicae  Mendoza,  173,  174. 

operculinae  Mendoza,  174,  175. 

pachypus  Ell.  and  Ev.,   179. 

pelargonii  Mendoza,   176,   177. 

sorghi  Ell.  and  Ev.,   179. 
Cerithium  rubus    (Martin),   394. 
Chaetoceras  decipiens,   393. 
Chalana,   295. 
Chalupa,   295. 
Champan,  295. 
Chang  Kwai,  23. 
Chan-liuk  Sa,  46. 

Charybdis  mergniensis   (de  Man),  894. 
Chemical  studies  on  coconut  products,  143. 
CHIN,  T.  G.     Studies  on  the  biology  of  the 
Amoy   amphioxus,   Branchiostoma   bel- 
cheri Gray,  369. 
Cho,  296. 

Chrysanthemum  sp.,  178. 
Chuk-k'yok-k'wai,   24. 
Chun,  299. 
Cicada,  16,  18. 
Cistudo  bealei  Gray,  55. 
Clay-asbestos  shingles,   159. 
Clemmys  bealei  (Gray),  3,  4,  55. 

mutica  (Cantor),  3,  55. 
Clitocybe  Fr.,   179. 

cardarella  Fr.,  180. 

dealbata  Sowerby,  179. 
Clymens   (Euclymens)  insecta  Ehlers,  394. 
Coconut   oil,   process    for   the   extraction    of, 
143. 

products,  chemical  studies  on,  143, 
Cod,  rook,  285. 
Collyris,  19. 
Coluber  korros  Schlegel,  44. 

mucosus  Linn.,  44. 

stolatus  Linn.,  40. 
Columbrinje,  35. 
Columbella  dunkeri  Tryon,  394. 
Copal,  Manila  run,  preparation  and  analysis 
of,   83;  run,   reducing  the  acidity  of, 
233. 
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COPELAND.    EDWIN    B.     Gleicheniaceae   of 

New  Guinea,  347. 
Copepod.  blue,  Puerto  Galera  Bay,  Mindoro, 

307. 
Corethron   criophillium,   393. 
Coronella  violacea  Cantor,  46. 
Corypha  elata,  76. 
Coscinodiscus  asteromphalus,  393. 

excentricus,  393. 

lineatus,  393. 

marginatus,  393. 

subtilis,  393. 
Cosmocarta,  17. 
Cris-craft,  296. 
Crocodile  fish,   370. 
Crotalidas,  52. 
Cucurbita  pepo  Linn.,   178. 
Cuma  grada  (Jonas),  394. 
Cutter,  296. 

Cyathocotylidie  Poche,  136. 
Cyclemys  trifasciata   (Bell),  3,  54. 
Cyclophis  major  Gthr.,  45. 
Cyclostomata,  370. 
Cyclotella  comta,  393. 

striata,  393. 

stylorum,  393. 

D 

Dalamas,  294. 

Dalea  sp.,  178. 

Dapangr,  296. 

Datu,  293,  298. 

Dicranopteris  Bernhardi,   347,   349-351,  354. 

ferruginea    (Blm.)    Copel.,    349. 

linearis    (Burm.)   Underwood,  349. 
Dideutosaccus  Acena,  285,  286. 

radifistuli  Acena,  287. 
Dihammus,   18. 

Diopatra  dentata  Kinbergr,  394. 
Diploptera,  61. 
Diplopterygium,   351. 
Dipsas  multomaculata  Boie,  49. 
Domestic  fowl,  flukes  from,  131. 
Doryura  bowringii  Gray,  30. 
Dump  rats,  wild,  257. 
Dytiscidse,  6,  44. 

E 

Eburna  lutosa  Lam.,  394. 
Echinochasmus  Dietz,  135. 

revolutum   (Froelich),   133. 
Echinostomatidaj  Looss,   133. 
Ectobiinae,  323,  329. 
Elapidae,  50. 
Emys  muticus  Cantor,  55. 

Reevesi  Gray,  56. 

Sinensis  Gray,  57. 
En,  219. 

Engrina  sinensis  Melville,  393. 
Engystoma  ornatum  Dumeril  &  Bibron,   27. 

pulchrum  Hallowell,  28. 
Enhydris  chinensis   (Gray),  2-4,  47. 

plumbea  (Boie),  2-4,  48. 


Epilampra  Burm.,  383. 

cyrtophthalma  Stal,  333. 

luzonica  Bey-Bienko,   334,   335. 
Epilamprinae,  333. 
Epimys  rattus  norvegicus,  357. 
Epithmium  Luehe,  135. 
Episthochasmus  caninum,  135. 
Episthmium  gallinum  Tubangui  and  Masilu- 
li&an,   134,   135. 

oscari,  135. 
Erillia  lanceolata    (Reeve),   394. 
Errata,  359,  441. 
ESTRADA,    PRESENTACION    A.,    see    Ra- 

MiRO  and  Estrada. 
Ethnic  groups,   Philippine,   filing  and  black- 
ening of  teeth  among,  425. 
Eucalyptus  sp.,  178. 
Eucampia  zodiacus,  393. 
Euchelus  horridus   (Philippi),  394. 
Euchlora,  34,  41. 
Eucotylidse  Skrjabin,  131. 
Eucrate  crenata  de  Man,  394. 
Eumeces  chinensis,  2-4. 

chinensis  chinensis  Gray,  33. 
Eunice  gracilis  Crossland,  394. 
Euplotes  harpa  Stein,  395. 
Eurypholus   major    (Gthr.),   2-4,   45. 

F 

Falua,  296. 

Faluca,  296. 

Fan-chok  Sa,   51. 

Fa-sam-bian,  89. 

Felucca,  296. 

Ferry  boat,  296. 

Filing  of  teeth  among  Philippine  ethnic 
groups,   425. 

Filipote,  296. 

Fish,  carrying-pole,  371  ;  crocodile,  370  ;  lite- 
rary composition,  371 ;  rice,  370 ;  sil- 
ver-spear, 371. 

Fish  of  the  God  of  Literature,  371. 

Fisolere,  296. 

Flammula  Fr.,   179. 
decussata  Fr.,   179. 

Flukes  from  the  domestic  fowl  and  other 
birds,  131. 

Flyboat,  296. 

Fowls,  domestic,  flukes  from,  131. 

Fragata,  297. 

Fregata  ariel  ariel,  137. 

Frigate,  297. 

Fuadin,  treatment  of  schistosomiasis  japo- 
nica  with,  69. 

Fucelere,  296. 

Fun6,  297. 

Funea,  297. 

Fung^  Philippine,   165. 

Funny,  297. 

Fusinicre,  296. 

Fusta,  297,  301. 
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G 

Gabarra,  297. 

GALANG,    RICARDO    B.    Types    of    water- 
craft    in    the    Philippines,    291 ;    fi\in« 
and  blackening  of  teeth   among  some 
Philippine   ethnic   groups,    425. 
Galera,  298. 
Galizabra,  297. 
Galleon,  297. 
Galley,  298. 

Gallus  gallus  domesticus,   131,   133-136. 
Garay,  298. 
Gekko,  A^. 

subpalmatus    Gthr.,    2-4,    29. 
Gekkonidse,   29. 

Geoclemys  reevesi    (Gray),  3,  56. 
Gleichenia  Sm.,  347,  348,  351. 

amboinensis  v.  A.  v.  R.,  353,  354. 

bolanica  Rosenst.,  352. 

borneensis    (Baker)   C.  Chr.,  348. 

Brassii  C.   Chr.,   357. 

biillata   Mett.,   358. 

Candida  Rosenst.,  353, 

caudata   Copel.,    354. 

circinnata  Sw.,  348. 

dicarpa,   348. 

dolosa   Copel.,   353. 

dolosa  var.  virescens  Hieron.,  354. 

erecta  C.  Chr.,  353. 

gigantea  Wall.,  358. 

hirta  Blm.,  353. 

laevigata,  349,  356. 

laevigata  var.  bracteata   (Bl.),  354. 

linearis  var.   subferruginea  Hieron.,   349. 

longissima  Bl.  var.  novoguineensis  Ros., 
359. 

monticola  Ridl.,  352,  353. 

novoguineensis    Brause,    358. 

ornamentalis   Rosenst.,   353. 

ornamentalis    Rosenst.    var.    lanuginosa, 
357. 

peltophora  Copel.,  348. 

reflexipinnula  C.  Chr.,   355. 

squamosissima   Copel.,    348,   349. 

subulata  v.  A.  v.  R.,  352,  353. 

vestita  Blm.,   857. 

vulcanica  Blm.,  349. 

warburgii  Christ,  352,  354. 
Gleicheniaceie,  347,  350. 

of  New  Guinea,  347. 
Glycera  chirori  Izuka,  894. 

onomichenensis  Izuka,  394. 
Glycerol,  reaction  of,  233. 
Gold,    placer,    in    Santa   Maria   River,    Bula- 

can,  origin  of,  279. 
Goleta,  298. 

Gonocephalus  lepidogaster    (Cuv.),  3,  4,   31. 
Grabtoblatta  Heb.,  325,  327,  329. 

nitulata  (Stal),  325-327,  329. 

nodosa  Fritze.   325,   827. 

testacea  Heb.,   325-327. 
Graft  union,  callus  development  in,  245. 
Green    betel   nuts,    tannin    from   kernels    of, 
363. 


GRESSITT,   J.   LINSLEY.     Amphibians    and 

reptiles  from  southeastern  China,  1. 
Guildlas,  298. 
Guinardia  sp.,  393. 
Gunboat,  294. 

H 

Hsemonchus  contortus,  255. 
Haliastur  intermedins,   138. 
Han-nan  Sa,  44. 
Harmostomidae  Witenberg,  135. 
Harmostomum  Braun,  135. 
Helianthus  annuus  Linn.,   179. 

cucumerifolius  Torr.  and  Gray,   178. 
Hemidactylus  bowringii   (Gray),  3,  4,  30,  49. 
Hemiptera,  7. 
Hemiurid^e  Liihe,  285,  287. 
Hemp,  Manila,   75. 
Heteropterygium,   351. 
Hevea,  249. 

brasiliensis,  245,  250. 
Hibiscus,   249. 

rosa-sinensis,  245,  250. 
Hicriopteris  Presl,  347,  350.  351,  357,  358. 

arachnoides   (Hassk.)   Copel.,  358. 

astroticha  Copel.,   358. 

novoguineensis  (Brause)  Copel.,  858,  359. 

speciosa,  357. 
Himulia  indica  Gray,  32. 
Hister,  6. 
Holarchus  formosanus  (Gthr.),  2,  4,  46. 

violaceus    (Cantor),  3,  4,   46. 
Holopterygium,    351. 

flabellifolium,  360. 
Holttumiella  Copel.,   360. 

flabellifolia  Copel.,  360. 
Homalopsinse,   47. 
Homalopsis  plumbea  Boie,  48. 
Hoplobatrachus   Reinhardtii  Peters,   16. 
Hornets  of  the  Philippines,  61. 
Horses,     Philippine,     curative    treatment     of 

surra  in,  105. 
Houseboat,  298. 
Hydrangea  ortensia  Sieb.,   178. 
Hydrus  piscator  Schn.,  39. 
Hyla  arborea  var.  chinensis  Gthr.,  8. 

chinensis  Gthr.,  2-4,  8. 

leucomystax  Gravenhorst,  23. 
Hylidffi,  8. 

Hymenophyllaceaa,   347,   359. 
Hymenophyllum  bryophillum  C.  Chr.,  359. 

Levingei  Clarke,  359. 
Hymenoptera,  61 ;  Philippine,   66. 
Hypsirhina  chinensis  Gray,  47. 


I,  211. 

I  ...  an,  223. 

Idi,  197. 

Iloko  verb,  197. 

Ilyoplax   cerarophora   (Loelbel),   894. 

delamaniyuhana  Ratbun,  394. 

orientalis   (de  Man),  394. 
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Immunity  of  rats  to  Nippostrongylus  muris, 
natural  and  acquired,  influence  of 
splenectomy  on,  255. 

Impatients  balsamina  Linn.,  168. 

Imperata  exaltata,  76. 

INTENGAN,  CARMEN  LL.,  and  AUGUS- 
TUS P.  WEST.  Preparation  and 
analysis  of  run  Manila  Copal,   83. 

Intonano,   198. 

Intono,   198. 

Ipa,  223. 

Itay,    197. 

J 

Jacobina  carnea  Nichols,   171. 

Jangua,  299. 

Joangra,  299,  301. 

Juanga,   299. 

Juibato,   298. 

JULIANO,  JOSfi  B.     Callus  development  in 

graft  union,  245. 
Julmuri,   298. 
Junco,  299. 
Junk,   299. 

K 

Kaloula  pulchra   Gray,   3,   25. 
pulchra  pulchra  Gray,  25. 
K'eu-ma  sa,  35. 
Koma,  200-202. 
Kurikanan,   299. 

Ij 

Labidocera,   308. 

fflauca  Sm.,  307,  308-315,  317. 

glauca  of   Puerto  Galera  Bay,  Mindoro, 
307. 
Lamod.    428. 
Lampitaw,   299. 
Lancan,   299. 
Lancha,  299. 
Landuc,   427. 
Lapis,  300. 
Launch,  299. 

LAVA.  V.  G.,  P.  E.  TORRES,  and  S.  SAN- 
VICTORES.  Chemical  studies  on  co- 
conut products,  IV.  Further  data  on 
a  new  process  for  the  extraction  of 
coconut  oil,  143. 
Lecithochirium,  287,  288. 

excisiforme  Cohn,  287. 

excisum  Rudolphi,  287. 

exodicum  MacFarlane,  287,  288. 

gravidum  Looss,  287. 

japonicum  Yamaguti,  287. 

magnacetabulum   Yamaguti,   287. 

medius  Acena,  287,  288. 

microstomum  Chandler,  288. 

pagrosomi  Yamaguti,  287. 

psenopsis  Yamaguti,   287. 

rufovirida  (Rudophi),  287. 

synodi  Manter,  287,  288. 
Leong-teu  Sa,  47. 
Leptocylindrus  denicus,  393. 


LEUS-PALO,  SIMEONA.  see  Mendoza  and 
Leus-Palo. 

Limax  lanceolatus,   370. 

Linguata,  6. 

Lipa,  300. 

Literary-composition  fish,  371. 

Longboat,  300. 

Lopis,  299. 

Lorcha,   300. 

Lunbricinereis  ocellata  Grube,   894. 

Lunday,   300. 

Lunde,  300. 

Luyos,  3G3. 

Lygodium,    350. 

Lymnsea  peregra  (Mueller),  134. 

(Radix)   swinhoe  var.  quadrasi  v.  MoelL, 
134. 
Lysidice  collaris   Grube,  394. 

M 

Maguey,  76. 
Maguinoo,  293. 
Maka,  215,  216. 
Maki,  217,  218. 

Malvastrum  coromandelinum   (Linn.),   172. 
MANALO,  GLORIA  D.,  and  AUGUSTUS  P. 
WEST.     Reducing   the   acidity   of   Ma- 
nila copal :  Reaction  of  run  copal  and 
glycerol,   233. 
Mang,  208. 
Mangcuerna,   300. 

Manila   Copal,    preparation    and    analysis    of 
run,   83  ;  reducing  the  acidity  of,   233. 
Manila  hemp,   75. 
Maong,  160. 
Marasmius  Fr.,  179. 

canticinalis  Fr.,   179. 

fulvo-bulbillosus  R.  Fr.,   179. 

oreades  Bolton,  180. 
Mareta  Bol.,  323,  326,  327. 

contigua  Walk.,   323. 

(?)    diamesa  Bey-Bienko,  326. 

luzonica  Bey-Bienko,  325. 

subcontigua  Bey-Bienko,  323,  324,  427. 
Margattea  Shelf ord,   331. 

invalida  Bey-Bienko,  331.  332. 
Mariposa,   Palawan   white,    185 ;  white,   Mer- 

tila  malayensis  Distant  on,  185. 
Marphysa  sanguinea  Montagu,  394. 
MASILUfT&AN,  VICTORIA  A.,   see  Tuban- 

GUi  and  Masilungan. 
Mau-mau,  428. 
Mecodium,   359. 

exsertum,   359. 

levingei   (Clarke)   CopeL,  359. 

paniculiflorum   (Presl)  CopeL,  360. 

Reinwardtii,  359. 

scabrum,  359. 
Mei  Sa,  49. 
MelolonthinsB,   34. 

MENDOZA,  J0S6  M.,  and  SIMEONA  LEUS- 
PALO.  New  or  noteworthy  Philippine 
fungi,  m,   165. 
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Merinsium    biyopkillttM     <C.    Chr.)     Copel., 
359. 

denticulatum    (Sw.)    Copel.,   360. 

Foersteri,  359. 

(Ptychophyllum)   plicatum,  359. 
Merremia    gemella    (Burm.    f.)     Hallier    f., 

173. 
Mertensia  ferruginea   Blm.,   349. 

srigantea,   357. 

laevigata  Willd.,   350. 
Mertila  malayensis  Dist.,  185,  189-191. 

malayensis    Distant   on    white   mariposa, 
185. 
Mesosorus,  357. 

arachnoides  Hassk.,  358. 
Mesostephanus  Lntz,  137. 

appendiculatoides    (Price),   137,   138. 

appendiculatus    (Ciur^i),  137,  138. 

burmanicus    Chatter ji,    137. 

fajardensis    (Price),    137. 

fregatus  Tubangui  and  Masilungan,  136, 
137. 

haliasturus    Tubangui    and    Masilungan, 
138. 

milvi  Yamaguti,  137,  138. 
Metaplax  elegans  de  Man,  394. 
Microhyla,   25. 

butleri  Boul.,  2,  4,  26. 

heymonsi  Vogt,  2-4,  26. 

ornata   (Dumeril  &  Bibron),  2-4,  19,  26, 
27. 

pulchra    (HaUowell),   3,   4,  25,  28. 
Microhylidae,    25. 
Minolia  stigata  Sowerby,  394. 
Momordica  charantia  Linn.,  174. 
Mosca,  300. 

Murex  martinianus  Reeve,  393. 
Musa  sapientum  var.   paradisiaea,  76. 

textilis,  75,  76. 

sp.,  75,  76. 
Musac^e,   75. 
Mutabillia,    5. 
Myriodon,  359. 

N 

N,  199. 

Na,  205. 

Nai   Sa,    42. 

Naimbdg  (koma)  no,  202. 

Naja  atra  Cantor,  50. 

naja  atra  Cantor,  3,  4,  50. 
Nakura,   298. 

Namak   (kad)  komd  no,  202. 
Napia  (kom^)  no,  202. 
Natica  fortune!  Reeve,   393. 

maculosa  Lam.,  393. 
Natrix  aequifasciata  Barbour,  2,  4,  35. 

annularis    (HaUowell),   3,   4,    35. 

boulengeri   Gressitt,  2-4,   36. 

percarinata   (Boul.),  2-4,  38. 

piscator   (Schn.),  2-4,  39. 

sauteri  (Boul.),  2-4,  40. 

stolata  (Linn.),  24,  40. 


Navicula  sdbrupta,  393. 

crabro,  898. 

<yrecta,  393. 

elliptica,   393. 

longa,    393. 

lyra,  393. 

spp.,   393. 
Nephthya  sinensis  Fauvel,  394. 
Nereis  sp.,  394. 

New  Guinea,  Gleicheniacess  of,  347. 
i?&a,  203,  204. 
i?&fiman  ta  .  .  .  koma,  202. 
Nippostrongylus    muris,    255-257 ;    271,    273, 
274 ;  influence  of  splenectomy  on  nat- 
ural   and   acquired    immunity    of    rats 
to,   255. 
Nitzschia   punctata,    393. 

spp.,   393. 
No,  198,  200,  201. 
No  and,  198. 
No  koma,  201. 
Noctiluca  scintillans,  393. 
Nothopanax,   245. 

cochleatum  Merr.,  246. 

crispatum  (Bull.)  Merr.,  245. 

spp.,  250,  251. 
Notocotylidae  Leuhe,   131. 
Notocotylus  intestinalis  Tubangui,  131. 


Ocadia  sinensis    (Gray),  3,   57. 

OEidozyga  lima  (Gravenhorst),  3,  4,  22. 

Oides,  18. 

Oil,   coconut,    process   for   the   extraction   of, 

143. 
Omphalia  Pers.,  180. 

gerardiana  Peck,  180. 

ventosa  Fr.,   180. 
Onthophagus,  7,  19. 
Onuphis  eremita  Aud.  &  Edw.,  394. 
Opeccelidae   Ozaki,   285,    286. 
Operculina  bufalma    (Lour.)    Hallier  f.,   176. 
OPIANA,    GIL    O.       Clay-asbestos    shingles, 

159. 
Opisthotropis  latouchii   (Boul.),  2,  4,  42. 

maxwelli   Boul.,   2-4,    42. 
Orchid  bug  on  white  mariposa,  185. 
Oryza  sativa,  76. 
Oxytrica  ferruginea  Stein,  395. 


Pachneblatta  Bey-Bienko,  330. 

signaticollb    (Stal),    330. 
Pachnepteryx  Brunner,  329,  330. 

pallidicollis  Stal,  330. 

pruinosa  Brunn^,  329. 

ventralis  Walk.,  330. 
Pachytriton  brevipes   (Sauv.),  3,  5. 
Pailebote,  300. 
P'ak-kwai,  24. 
Pak-ng  Tou,  35. 
Palawan  white  mariposa,  185. 
Panco,  300. 
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Pangtie.  301. 
Panerlima,  298. 
Paralia  sculata,   393. 
Parao,  299,  301. 

Parapanope  euagora  de  Man,  894. 
Parasites,    trematode,    of    Philippine    verte- 
brates, 131. 
Parasymploce  Heb.,  333. 

marginalis  Hanitsch,  333. 
Parcado,  301. 
Passage  boat,  296. 
Patache,  295. 

Pelargonium  radula   (Cav.)   L'Herit.,  176. 
Petates,   300. 
Phalaenopsis   amabilis   Blume,   185-187,   191; 

Mertila  malayensis  Distant  on,   185. 
Philippine   ethnic   groups,    filing    and   black- 
ening of  teeth  among,  425. 

fungi,    165. 

Hymenoptera,   66. 

vertebrates,  trematode  parasites  of,  131. 
Philippines,  types  of  watercraft  in,  291. 
Philus  pallescens,  7. 

Phyllodoce  malmgreni  Gravier  var.,  394. 
Phyllodromiinae,   329. 
Pien  Tan  Yii,  370,  371. 
Pilan,   301. 
Pinaza,  301. 
Pinnace,  301. 
Piper  betle  Linn.,  364. 
Piragua,  301. 
Pirogue,  301. 
Pitsuya,   301. 
Placer  gold  in  Santa  Maria  River,  Bulacan, 

origin  of,  279. 
Plagiorchiidse   Luehe,    132. 
Plantain,  76. 
Platitos,  246. 
Platypleura,  23. 
Platysternidse,   53. 

Platysternon  megacephalum  Gray,  2,  3,  53. 
Platyzoma,  347. 
Pleurosigma   naviculaceum,    393. 

Normanii,    393. 

pilagricum,   393. 
Pleurotus  Fr.,  180. 

fuscus   (Ratt.)  Bresadola,  180. 
Podosira  stelliger,  393. 
Polistes,   17. 

Polydora  ciliata  Johnston,  394. 
Polypedates  lividus  Blyth,  15. 
Pontin,  301. 
Potamides    fluviatilis    (Potiz    and   Michaud), 

394. 
Prahu,  301. 
Prao,  299-301,  303. 
Proe,  301. 
Prosthogonimus,  133. 

cuneatus   (Rudolphi),  133. 

pellucidus,  133. 

pgeudopellncidus   Tubangui   and   Masilu- 
liSan,  132,  133. 
Protogleichenia,  351. 


Provespa  Ashm.,  61. 

anomala  (de  Saussure),  61. 

doryboides  de  Saussure,  61. 
Prow,  301. 

Pseudomopinae,  329,   333. 
Pseudoxenodon  bambusicola  Vogt,  2,  4,  41. 
Pterolophia,  18. 
Ptyas  korros   (Schlegel),  2-4,  44. 

mucosus  (Linn.),  3,  4,  44. 
Puerto     Galera     Bay,     Mindoro,     Labidoeera 

glauca  of,  307. 
Pyramidella  elegans   (Adams),  393. 

IX 

Raft,  292. 

RAMIRO,   MARIANO   P.,   and  PRESBNTA- 
CION  A.  ESTRADA.    Soda  process  for 
pulping  Canton  fiber,  75. 
Rana  adenopleura  Boul.,  2-4,  9. 

fukiensis  Pope,  2,  4,  10. 

guentheri  Boul.,  2-4,  11. 

japonica  (Schlegel),  2-4,  12. 

japonica  longicrus,  13. 

kuhlii  Dumeril  &  Bibron,  2,  4,  18. 

latouchii  Boul.,  2,  4,  14. 

lima  Gravenhorst,  22. 

limnocharis  Gravenhorst,  2-4,  14,  19,  22, 
38,  39,  41,  44,  52. 

livida  (Blyth),  3,  4,  15. 

nigromaculata,   4. 

nigromaculata  reinhardtii  (Peters),  2,  4, 
16. 

ricketti  Boul.,  21. 

rugulosa  Wiegm.,   18,  45. 

schmackeri  Boettger,  2-4,   17. 

spinosa  David,  2-4,  19,  38. 

taipehensis  van  Denburgh,  3,  4,  20. 

temporaria  ^ar.  japonica  Schlegel,  12. 

tigerina  rugulosa  Wiegm.,   3,  4,   18. 
Ranidse,  9. 

Rats,    influence   of    splenectomy    on    natural 
and  acquired  immunity  of,  to   Nippo- 
strongylus  muris,  255;  wild  dump,  257. 
Ravella  tuberculata  Bred.,  393. 
Red  snapper,  287. 
Renanthera  matutina,  186. 
Reptiles  from  southeastern  China,   1. 
Reptilia,  29. 

Retusa  cecillei   (Philippi),  394. 
Rhacophorus  dennysi   (Blandf.),  2-4,  22. 

leucomystax   (Gravenhorst),  2-4,  23. 
Rhizosolenia  shrubsolei,   393. 

spp.,  393. 
Rice  fish,  370. 
Rook  cod,  285. 
Rowboat,  297. 
Run  copal,  reaction  of,  233. 

Manila   copal,   preparation   and   analjrsia 
of,  83. 
Russula  Pers.,  180. 

carnicolor  Gresadola,  180. 

lilacea  Quelet,  180. 

lilacea  var.  carnicolor  Bresadola,  18d. 
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Sft,   199,   200. 

Saccharum  spontaneoum,  76. 

Saguran,   300. 

Sakay,  298. 

Salamandridse,  5. 

Salambao,  302. 

Salientia,  6. 

Salisipan,  302. 

Sampan,  295,  410. 

San-ku-tai,  32. 

Santa     Maria     River,     Bulacan,     origin     of 

placer  gold  in,  879. 
SANVICTORES,  S.     See  Lava,  Torres,  and 

SANVICTOIffiS. 

Sao,  298. 

Sapay,  (koma)  no,  202. 
Sapay    (koma)  .  .  .  no,   202. 
Sapay  (koma)   ta,  202. 
Sapay   (koma)   .  .  .  ta,  202. 
Sapit,   302. 
Saraboa,    302. 
Sauria,   29. 

Scalaria  aculeta  Sowerby,   394. 
acuminata   Sowerby,   394. 
obesa  Sowerby,  393. 
Schooner,  298. 
Scincidae,    32. 
Schistosomiasis   japonica,  treatment  of,   with 

fuadin,  69. 
Scolecosporse,  165. 
Scow,  295. 
Sebastodes   elongatus   Ayres,   285,   286. 

ruberrimus   Cramer,   285,   287. 
Serica,  11. 
Serpen tes,  35. 
Sesarma  (Parasesarma)  batavianum  de  Man, 

394. 
Shak-lun,  20. 
Shallop,   295. 
Sham-chu-(lo),   8. 
Shingles,   clay-asbestos,    159. 
Si  Kwai,  15. 
Silver-spear  fish,   371. 
Simotes   formosanus   Gthr.,   46. 
Sloop,   292,    302. 
SMITH,     LOUISE     VICTORIA.     Labidocera 

glauca    sp.    nov.,    a    blue    copepod    of 

Puerto  Galera  Bay,  Mindoro,  307. 
Snapper,   red,   287. 

Soda  process  for  pulping  canton  fiber,  75. 
Soma,   302. 

Sor  fugiensis  Rathbun,   394. 
Speedboat,   296. 
Sphaeroderma,    19,   35. 
Sphagnum,  348. 

Sphenomorphus  indicus    (Gray),  2-4,  32. 
Sphex  tropica  Linn.,   63. 
Spirochceta  icterogenes,   272. 
Splenectomy,    influence    of,    on    natural    and 

acquired  immunity  of  rats   to  Nippo- 

strongylus  muris.  255. 
Sqnamata,  29. 


Staurois   ricketti    (Boul.),   2,   4,   21. 

Steamboat,  302. 

Steamship,  302. 

SternothsRrus  trifasciatus   Bell,    54. 

Sterrhurus  Looss,  287. 

Sticherus  Diels,  347,  351. 

Presl,  350,  352,  357,  358. 

bolanicus    (Ros.)    Copel..   352,   353. 

brassil    (C.    Chr.)    Copel.,    352.   357. 

caudatus  Copel.,  352,  354. 

erectus   (C.  Chr.)   Copel.,  350,  353. 

habbememds  Copel.,  351,   352,  355. 

hirtus    (Blm.)    Copel.,  352,  253,  354,  366. 

laevigatus    (Willd.)    Presl,   350,   352,   353. 

lamianas  Copel.,  352,  356. 

pseudoscandens  (v.  A.  v.  R.)  Copel.,  352, 
356,  357. 

puleher  Copel.,   352,   355,   356. 

reflexipinnulus     (C.     Chr.)     Copel.,     352, 
355. 

venosus  Copel.,  352,  356. 

vestitns    (Blm.)    Copel.,   352,   357. 
Surat,  211. 

Surcula   tuberculata   Gray,    393. 
Surirella    fluminensis,    393. 
Surra,     curative     treatment     of,     in     native 
horses   in  the  Philippines,   105. 

T 

Tabanus   fumier  Walk.,   124. 
Taculi,    302. 
Taliban,    426. 
Tamerlania  Skrjabin,  131. 

bragai   Dos   Santos,   131. 
Tannin    from    kernels    of    green    betel    nuts, 

363. 
Tapaque,  300,  303. 
Tapel,  428. 

Tapinophis  latouchii  Boul.,  42. 
Taratana,  303. 
Tataya,   303. 
Teeth,     filing     and     blackening     of,     among 

Philippine   ethnic   groups,    425. 
Terminalia  catappa,   302. 
Testudinata,   53. 
Testudinid^,  54. 

Thallassiothrix   nitzschioides,    393. 
Ti,  203. 

Tiliqua    chinensis    Gray,    S3. 
Timghuly,    303. 
Tiquines,    301. 
To,    198-200. 
Toi-ng,   58. 
Tonan6,    198. 
Tono,    198. 
TORRES,  P.  E.  See  Lava,  Torres,  and  San- 

VICTORES. 

Towboat,   303. 
Trachyneis   aspera,   393. 

clepsydra,  893. 
Treatment  of  surra  in  native  horses   in  the 
Philippines,    105. 
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Trematode     parasites     of     Philippine     verte- 
brates,   131. 
Trematode  with  two  yolk  reservoirs,  285. 
Triceratium   Broeckii,   393. 

favus,    393. 
Trichomanes,     347. 
Triforis   fusca   Dunker,   394. 
Trigonocephalus  macrosquamatus  Cantor,  52. 
Trimeresurus  albolabris  Gray,  3,  4,  52. 

mucrosquamatus     (Cantor),    2,    4,    52. 
Trionychidffi,  57. 
Trionyx  sinensis  Wiegm.,  2-4,  57. 

(Aspidonectes)    sinensis   Wiegm.,    57. 
Triton   brevipes    Sauv.,    5. 
Triturus  orientalis,   4. 
Tropidonotus    annularis    Hallowdl,    35. 
percarinatus  BouL,  38. 
sauteri    Boul.,    40. 
Trypanosoma    Lev/isi,    274. 
Tso-fa    Sa,    41. 
Tsuk   Sa,   52. 

TUBANGUI,  MARCOS  A.,  and  PANTA- 
LEON  J.  AGUILA.  The  treatment  of 
Schistosomiasis  japonica  with  fnadin, 
69. 
TUBANGGUI,  MARCOS  A.,  and  VICTORIA 
A.  MASILUiIgAN.  Trematode  pa- 
rasites of  Philippine  vertebrates,  IX. 
Flukes  from  the  domestic  fowl  and 
other  birds,  131. 
Tubaria  Sm.,   181. 

furfuracea   Pers.,    iSl. 
Tubug,  428. 
Tugboat,  303. 
Tunguli,   303. 

Turbonilla  terebra  Dunker,  394. 
bacillum  Kien,   394. 

u 

Uca    forcipata    (Adams    &    White),    394. 
Um,    214. 

Union,  graft,  callus  development  in,  245. 
Urea,    303. 

V 
Vanca,    292. 
Vanda    spp.,    186. 

VANOVERBERGH,     MORICE.     Supplemen- 
tary notes   on  the  Iloko  verb,   197. 
Varang,    292. 
Verb,    Iloko,    197. 
Vertebrates,    Philippine,    trematode   parasites 

of,   131. 
Vespa    Linn.,    61,    62. 

aflSnis    (Linn.),    62,   63,    65. 

affinis  var.  indosinensis  Bequaert,  62,  65. 

affinis   var.   indosinemsis   Perez,    65. 

annulata   Sm.,   66. 

bellicosa  de  Saussure,  67. 

bellicosa  var.   semperi  du  Buysson,   67. 

eincta    F.,    63,    65. 

cincta   var.    affinis,    66. 

eincta  var.  indosinensis,  66. 

deusta  Lepeletier,  63. 

indosinensis     P6rez,     65. 


Vespa — Con  tin  ued . 

luctuosa    de    Saussura,    62,    66,    67, 

luctuosa  var.  bellicosa  de  Saussure,  63,  67. 

luctuosa    var.     luctuosa     (de    Saussure), 
63,    66. 

luctuosa  var.  luzonensis  Bequaert,  63.  67. 

luctuosa    var.    malayana    Bequaert,    66. 

luctuosa   var.    semperi    Bequaert,    63,    6T. 

luctuosa  var,  semperi  du  Buysson,   67. 

nigi'ipennis    de    Geer,    65. 

nigripennis  de   Saussure,    65. 

philippinensis   de    Saussure,    65. 

tropica    (Linn.),  62,   63.  65. 

tropica   var.   anthracina   Bequaert,    62. 
64. 

tropica  var.   deusta  Bequaert,   62,   64. 

tropica   var.   deusta   Lepeletier,    63,    64. 

tropica  var.   philippinensis  Bequaert,   62. 
65. 

tropica   var.   philippinensis    de   Sauss'ire, 
65. 

tropica    var.   tropica   Bequaert,    63. 

unicolor  Sm.,   64. 

unifasciata    Gmel.,    65. 

unifasciata   Oliv.,   65. 
Veipinse,    61. 
Vilox,   303. 
Vinta,   303. 
Viray,  304. 
Virey,    294,    304. 
Viroco,    294,    304. 

w 

Watercraft,  types  of,  in  the  Philippines,  91. 

Wen    Shen,    371. 

Wen  Shen  Yu,  370.  371. 

Wen  Tsu  Yii,  370.  371. 

WEST,  AUGUSTUS  P.     See  Intengan   and 

West;  Manalo  and  West. 
White  mariposa,   Meirtila  malayensis   Distant 

on,    185;    Palawan,    185. 
Wild   dump    rats,   257. 


X 


Xalea,    304. 
Xebec,    304. 


Yacht,    304. 

Yi   Kwai,    9. 

Yin  Chang  Yii.  370,   371. 

Ying  Chang  Yii,  371. 

Yin  Chien  Yii,  371. 

Yu  Pien,  371. 

YUTUC,  LOPE  M.  Experimental  studies  on 
the  curative  treatment  of  surra  in  na- 
tive horses  in  the  Philippines,  III,  105; 
studies  on  the  influence  of  splenectomy 
on  natural  and  acquired  immunity  of 
rats  to  Nippostrongylus  muris,  255. 
Z 

Zalla,  304. 

Zaocys  dhumnades  montanue   Pope,  2,   4,   43. 

Za  mays  Linn.,  179. 

Zebeck,    304. 

Zinnia   elegans    Jacq.,    178. 
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